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REPRODUCTION IN PETUNIA 
A. B. Stout 


CHAPTER 1. THE NOMENCLATURE, CHARACTER, AND SPECIFICITIES 
OF THE THREE SPECIES THAT WERE STUDIED 


Nomenclature and Early Introduction of Petunia axillaris. The first 
and very brief description of this species was by Lamarck in 1793 under the 
name Nicotiana axillaris and this was based on herbarium specimens col- 
lected by Commerson near Montevideo in Uruguay, South America. In 
1797, Poiret repeated the description given by Lamarck and added to it, but 
also without illustration. In 1803, Jussieu examined herbarium specimens 
collected by Commerson near the mouth of the La Plata River and established 
the genus Petunia in which he included two very distinct species which he 
named P. nyctaginiflora and P. parviflora. In addition to a fairly complete 
description of “ P?. nyctaginiflora”’ there are excellent drawings which show 
a flower corolla about 134 inches in expanse, a flower tube about 1% 
inches long and somewhat expanded near the throat, and stamens of three 
lengths with the two longest slightly shorter than the pistil. 

For about one hundred years the names Nicotiana nyctaginiflora and N. 
axillaris were used by various authors (Lehman 1818; Otto 1824; Kuntze 
1898) while others used the name Petunia nyctaginiflora (Persoon 1805; 
Sims 1825; Sweet 1825; Loudon 1840; Bailey 1911). But in a catalog of 
plants growing within one hundred miles of New York City and published 
in 1888, Britton, Sterns, and Poggenburg listed “ Petunia axillaris” as an 
introduced species. Thus for the first time the specific epithet applied by 
Lamarck was used with the generic name Petunia established by Jussieu, and 
the specific name Petunia nyctaginiflora Juss. was reduced to a synonym. 
In his monograph of the genus Petunia, Fries in 1911 adopted the name P. 
axillaris and reduced to a synonym the name P. nyctaginiflora and also the 
name P. propinqua, which had been applied by Miers in 1846 and afterward 
used by various writers until 1881 (see Fries 1911). This terminology has 
very generally been accepted in later botanical and horticultural literature. 

According to Loudon (1840) seeds of this species were sent in 1823 to 
Europe where plants were grown in cultivation. At any rate, good colored 
illustrations prepared from living plants appeared in 1824 (Otto) and 1825 
(Sims; Sweet). These, as well as Jussieu’s drawings, definitely indicate 
that all of the plants referred to were of the type to which the name Petunia 
axillaris is to be applied. Also it is certain that the plants discussed and 
illustrated in various figures in the present paper under the name Petunia 
axillaris are all of this same type and species. 

Recent Introduction and Recognition of Petunia parodii. In 1931 
Steere applied the name Petunia parodii to plants grown from seeds obtained 
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from Professor P. Parodi in Argentina. Steere recognized that these were 
different from plants of P. axillaris. Most noticeable of the differences in 
the character of the flowers are (a) a long slender corolla tube of nearly 
uniform width, (b) smaller anthers and stigma, and (c) the more slender 
filaments of the stamens of which four are equal in length. It does not appear 
that this particular type of flower and plant had previously been recognized, 
especially by Miers (1846) and Fries (1911). Miers described, under the 
name of Petunia propinqua, plants which he noted were somewhat different 
in stature and in leaves from plants of his P. nyctaginiflora, and he states that 
they were “ probably a variety.” 

It seems probable, if not certain, that the type of Petunia parodu was not 
included among the large white-flowered petunias that were introduced into 
Europe and America for culture previous to 1924. In that year Professor 
Margaret Ferguson grew at Wellesley College plants of this type from seeds 
obtained from Professor Parodi under the name “ Petunia nyctaginiflora.” 
In reports by Professor Ferguson (1928) and her associates (Brooks, 
Walsh & Ferguson 1930) plants of this stock were called P. nyctagintflora, 
but later (Ferguson & Ottley 1932) they were given the name P. axillaris. 
But the excellent drawings that were published (Ferguson & Ottley 1932, 
pl. 33) definitely show the long slender corolla-tube and the four equal 
stamens that are characteristic and distinctive of P. parodiu as described by 
Steere. Also it is stated (1932, page 39) that the flowers have a “long 
cylindrical tube which widens scarcely at all before reaching the throat.” 

Mather (1944), at the John Innes Horticultural Institution in England, 
obtained seed of this type of Petunia from Professor Ferguson. He states 
that the plants which were grown from this seed and studied by him fully 
conform to the descriptions given by Ferguson and Ottley. Mather continued 
to apply the name P. axillaris in reports of research with this type. It is 
evident that the reports which these authors have made under the name P. 
axillaris refer instead to P. parodit. 

It may be noted here that the reports by Ferguson and associates and 
also those by Mather are definite that the plants of this type which they 
studied were “ self-fertile.””. The writer has found this to be the condition for 
all plants which he has studied of P. parodu while all plants of the true P. 
axilaris grown at the N. Y. Botanical Garden, except one mutant, have been 
self-incompatible and also involved in intra-genotypic cross-incompatibilities. 

The Nomenclature, Character, and Status of Petunia integrifolia. 
Nomenclature. Plants which had small, “ violet ’-colored flowers and which 
were otherwise very different from Petunia axillaris, then well known in 
England, were described and illustrated by Hooker in 1831 under the name 
Salpiglossis integrifolia. The plants of this first description were grown at 
the Glasgow Botanic Garden of seeds obtained from a Mr. John Tweedie, a 
resident in Buenos Aires. 

Plants of this same type were also described and illustrated in a colored 
plate by Don in 1833 under the name Nierembergia phoenicea. Later in the 
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Fic. 1. Flowers of (A) Petunia integrifolia; (B and C) P. axillaris; and (D and 
E) of P. parodit. 


Fic. 2. Young plants of Petunia parodii, showing different habits of branching. 


same year Lindley published a description with a colored plate of a plant of 
this same type under the name Petunia violacea. In his synonymy, Lindley 
made an error in citing the publication of the name “ Petunia violacea” in the 
description by Don, for there is no mention of this name in this description. 
In the synonymy given by Fries, references are also given for the use of 
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the combination Petunia violacea. But in 1915 Schinz and Thellung noted 
that the correct epithet for this species, according to the present International 
Rules of Nomenclature, must be Petunia integrifolia. The correct citations 
for this name and for the most important synonyms in the order of the 
publications are the following: 

Petunia integrifolia (Hook.) Schinz & Thellung, Nat. Ges. Zurich, 60: 
361. 1915. 

Salpiglossis integrifolia Hooker, Bot. Mag. 58: pl. 31713. 1831. [an Lodd. 
sot. Cab. pl. 1978. 1833? | 

Nierembergia phoenicia, G. Don. in Sweet Brit. Flow. Gard. II 2: pl. 193. 
1833-4. 

Petunia violacea Lindley, Bot. Reg. 19: p/. 1626, 1833; and Fries, Kgh. 
Svensk. Vet. Akad. Handl. 46°: 31, 1911. 

Nicotiana integrifolia, O. Kuntze, Rev. Gen. Pl. 3 7: 223. 1898. 


In the synonymy given by Fries, references are also given for the use of 
the names Stimoryne purpurea, Nierembergia punicea, and Petunia dicho- 
toma. 

Specificity and Variability of P. integrifolia. Fries (1911) recognized 


** 


that there are several species of a “* Violacea group” that are collectively so 
distinct from P. axillaris, which he grouped with P. pygmaea in the subgenus 
Pseudonicotiana, that they constitute a different natural subgenus (£u- 
petunia). He described as new two species, P. inflata and P. occidentalis, 
which, in part at least, had previously been included with “ P. violacea.” In 
fact, Chodat and Hassler (1904) described five forms or varieties of “ P. 
violacea.”’ Fries himself recognized one variety (“ P. violacea depauperata ”’ ) 
which has more prostrate habit of growth and a shorter pedicel than has the 
type species. Thus it is recognized that there are variations among the wild 
plants that have been included in the name P. integrifolia or its synonyms. 
At least two of the taxonomic species recognized by Fries resemble the type 
of his “ P. violacea”’ so closely that they had previously been included under 
this name. 

Garden Hybrids. Plants of the “ Salpiglossis integrifolia”’ and the “ P. 
violacea”’ described by Hooker and by Lindley in 1831 and 1833 were 
introduced into garden culture in England. Plants of P. axillaris (Lam.) 
B.S.P. had already been in cultivation since 1823. Hybrids of these two types 
were soon obtained for culture in gardens. Colored plates of these appeared 
in 1835 (Don), 1936 (Paxton; Don), and 1837 (Hooker). These plates 
showed variations in the coloring of flowers of hybrids including shades of 
purple, pale pink, pink, and almost white. In 1835, the well known hybridist 
William Herbert (1837) grew seedlings of the hybrids of Petunia a-illaris 
(his P. nyctaginiflora) X P. itegrifolia (his P. violacea) but he did not 
describe the flower coloring and he did not observe segregations in the 
progeny even of the F, generation. A note in the Gardeners’ Chronicle ot 
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1843 (E.J.) mentions that the seedlings of the hybrid Petunia “ Scarlet ’’ had 
flowers in colors ranging from rosy-purple to white. The next year ( Masters 
1844) plants of a dwarf with blue flowers mottled with white were offered 
under the name * Punctata ” at a price of 7 shillings 6 pence each. Also plants 
of 24 named clones were offered at prices ranging from one shilling to one 
shilling 6 pence each. Thus these hybrids were grown from seeds and also 
propagated as clonal varieties and soon there were selections of segregations 
in a remarkable range of new combinations and modifications, especially in 
the habits of growth and in the color and size of the flowers. 

In the century that has elapsed since these early hybridizations there have 
been (a) mutations, especially in doubleness, and (b) polyploidy, both of 
which were factors in the origin of giant-flowered forms. There has been 
much selective breeding. Today there are in cultivation numerous seed- 
reproduced garden varieties derived from the hybrids of P. axillaris & P. 
integrifolia which present a remarkable range in habits of growth, in size and 
form of flowers, and in flower coloring. 

Pure strains of Petunia integrifolia and of P. axillaris were apparently not 
maintained in Europe. This is not surprising, for both of the parent species 
were far surpassed in beauty and in garden value by many of the hybrids. 
But various investigators continue even to the present time to apply the name 
P. violacea to hybrids that somewhat resemble the “ P. violacea”’ in flower 
coloring. Ferguson and Ottley (1932) note that the name P. violacea has been 
applied by horticulturists to small-flowered colored petunias of hybrid origin 
and also that *‘ recent students of the genus have followed their lead and 
called the garden hybrids on which they have based their studies either P. 
violacea Lindl. or a variety of Petunia violacea.’ To a lesser degree the same 
situation exists in the application of the name P. axillaris, or of the synonyms, 
to white-flowered segregates in garden culture. 

The Kew Clone of Petunia integrifolia. There has been a recent re- 
introduction of what appears to be the true Petunia integrifolia. In 1916 seeds 
of wild plants of this species were sent by Hon. C. E. R. Rowland, vice- 
consul at Montevideo, Uruguay to the Royal Botanic Garden at Kew, 
England (Ferguson and Ottley 1932). In 1930 at Kew the writer sew ramets 
of one clone evidently derived from one plant of this stock that had been 
propagated since 1916. The gardener in charge stated that the plants of this 
clone had flowered profusely at Kew but had never produced capsules and 
seeds. Professor Margaret Ferguson was also at Kew during 1930 and she 
obtained cuttings which were propagated at Wellesley College in Massa- 
chusetts. Excellent pen drawings of the foliage, flowers, and flower parts of 
plants of the Kew clone, and also of P. parodti (called P. axillaris) are pre- 
sented in plate 33 of a report by Ferguson and Ottley (1932). 

Comparative Specificity in the Features of Sexuality in these Species. 
Structure and Character of Flowers. The flowers of each of these three 
species are hermaphrodite and homomorphic. There is no appreciable 
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dichogamy except that secretion appears on the stigma before pollen is shed. 
The plants of each species are notably homogeneous in the structure of their 
flowers. For the populations of P. axillaris and of P. parodu and for the 
ramets of the Kew clone of P. integrifolia there are no intra-specific dif- 
ferentiations either in flower structure or in the relative developments of 
pistil and stamens that restrict self- and cross-pollination and that favor or 
compel inter-genotypic pollination within the population of each species. 

But there are definitely different specificities in the character of the 
flowers of the three species (see figure 1). The flowers of P. integrifolia are 
much smaller and the pistils and the stamens are much shorter and much 
smaller than those of P. axillaris and P. parodu. The stamens are more un- 
equal in length and the two longest stand immediately over and above the 
stigma in a position that promotes and insures autonomous self-pollination. 
The anthers and pollen are blue-violet in color. The throat of the tube is much 
broader. The entire flower is more zygomorphic. 

Both P. axillaris and P. parodu have flowers that are very different from 
P. integrifolia, The flowers are much larger in respect to the corolla, the 
pistils, and the stamens; the longest stamens usually stand slightly below the 
stigma. The anthers and pollen are pale yellow. The flowers are less zygo- 
morphic. P. axillaris and P. parodu are closely related—but definitely distinct. 
The flowers of P. parodii have one short stamen and four long stamens of 
equal length, a feature apparently not known in any other species of Petunia. 
These features of specificity are to be considered in evaluating the relations 
of hybridizations and the features of fertility and sterility in hybrid progenies. 

Fries (1911) places “ Petunia violacea” (=P. integrifolia) in the sub- 
genus Eupetunia, which is a large group of 21 species, all of which have 
shades of violet-red in the flowers. P. axillaris and P. pygmacea, which differ 
greatly in habit of growth and size of flowers, constitute the subgenus 
Pseudonicotiana, to which P. parodu, which Fries did not then know, is to 
be added as closely related to P. avillarts. 

In their habits of growth, plants of P. axillaris and P. parodu are notice- 
ably similar and distinctly different from P. integrifolia. Both are more robust, 
the branches are coarser and more upstanding, and the pedicels remain up- 
right or nearly so after the capsules mature. The more slender branches of 
plants of P. integrifolia are often somewhat decumbent; the pedicels become 
detlexed soon after the petals fall, but this feature is not present in the type 
known as P. inflata. 

Size of Pollen. According to Ferguson and Coolidge (1832) the pollen 
of P. integrifolia (called P. violacea) is larger than the pollen of P. parodiu 
(called P. axillaris). 

Seeds. The examination and evaluation of the seeds of the three species 
(P. parodi, P. integrifolia, and the diploid P. axillaris) give the following 
information. The normal mature seeds of P. integrifolia are globose or nearly 
spherical. The shape of the seeds of P. axillaris and P. parodii is nearly al- 
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ways somewhat wedge-shaped with one or more flattened sides due to close 
contact with each other on the placenta (figure 41, A and C). 

The surface of the seeds of all three species is reticulated, owing to ridges 
in the testa. The ridges join and surround sunken areas or facets that are 
polygons of as many as seven sides. About the point of attachment of seeds 
these areas are rather irregular in shape and usually elongated, but elsewhere 
they are more symmetrical. 

Under microscopic examination the ridges on seeds of P. integrifolia are 
almost even in height and have smooth sides, while those of P. axillaris and 
P. parodiu are serrated, with the crest of the ridge in a zigzag line along 
which a slender line of darker and more intense brownish red is conspicuous. 
In size the seeds of P. avxillaris ranged in greatest diameter from 0.80 mm. to 
0.50 mm.; those of P. parodu, from 0.71 mm. to 0.50 mm.; those of U. 
integrtfolia, from 0.94 mm. to 0.52 mm. But since the seeds of P. integrifolia 
are more spherical their volume as well as their greatest diameter is greater, 
as is well shown in figure 41. The normal seeds of all three species contain 
considerable endosperm in which a well-formed embryo is embedded. Lindley 
(1833) states that the embryos in seeds of P. axillaris (called P. nyctagini- 
flora) are curved or twisted while those of P. integrifolia (called P. violacea) 
are straight. We find both curved and straight embryos in the seeds of each 
of these three species. 

It may be reported here that the seeds of P. parviflora have reticulations 
like those of P. integrifolia but the size in greatest diameter ranged from 0.53 
mm. to 0.42 mm. 

Chromosome Numbers. Ferguson (1928) reported that the somatic or 
2n number of chromosomes in what she then called ‘ P. nyctaginiflora,” but 
which was without doubt P. parodi, was 14 (7 +7). In 1932, Ferguson and 
Coolidge reported that “the true breeding species Petunia violacea Lindl.” 
had a somatic number of 74 chromosomes. Kostoff et al. (1935) reported a 
somatic number of 14 in plants which were called P. aillaris, but since these 
plants were grown from seeds obtained from Dr. Margaret Ferguson they 
were probably P. parodu. Kostoff et al. report that seedlings grown from 
seeds of the Kew clone of P. integrifolia also had a somatic number of /¢4. 
It may be noted that these particular seeds were some of those obtained by 
the writer by premature pollination of ramets of the Kew clone and not from 
plants raised from seed as stated by Kostoff. In the original description of 
P. parodiu, Steere (1931) states that the plants which he described had 14 
chromosomes. 

In the studies here reported the chromosome number has been determined 
for individuals of P. axillaris, P. parodti, for ramets of the Kew clone and for 
various of its seedling progeny. In all these the somatic number was 14 
(Sullivan 1947). 

In chromosome number the three species under consideration are alike 
with a somatic number of 14 (7+7). It may be noted that plants of the 
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species P. parviflora are reported to have 18 (n =9%) for the somatic number 
of chromosomes (Ferguson & Coolidge 1932). 

Comparison of Intraspecific Reproduction in the Three Species. 
Potential Fertility. The flowers of each species are bisexual and homo- 
morphic. The plants have numerous flowers all of which have high, if not 
complete, potential fertility for reproduction within the species. There are 
marked specificities in the parts of the flowers as to size and position of 
stamens, size and color of anthers and pollen, and in the more hidden 
physiological properties of pistils, ovules, and pollen tubes. These specificities 
are involved in interspecific hybridizations which will be reported and 
discussed later. 

Two readily observed differential features of potential fertility are (a) the 
size of the capsules and (b) the number of the seeds which they contain. The 
capsules of P. integrifolia are smaller and the number of seeds per capsule is 
much lower than in either of the other two species, and these differences are 
to be considered especially in evaluating the potential fertility of hybrids. 

Intraspecific Incompatibilities. Data will be presented which show that 
all the plants of P. axillaris of diploid (2n = 14) constitution which were 
studied at the N. Y. Botanical Garden, except aberrant individuals, had self- 
and cross-incompatibilities which enforce bigenotypic reproduction, but that 
all members of P. parodiu had no intraspecific incompatibilities. Thus there 
was a very distinctive difference between the cultures of these two more 
closely related species in this important feature of intraspecific reproduction. 

The cultures of the two very different species, P. axillaris and P. integri- 
folia, possessed hereditary self- and cross-incompatibilities. Hence they were 
similar in this limitation of intraspecific reproduction. But the cultures of the 
two species possessed entirely different hereditary factors (which will be 
called S factors) for the incompatibilities. 

Interspecific Reiations. It will be reported in this publication that the 
specificities of these three species also involve physiological properties that 
are expressed in unilateral or one-way hybridizations. Data on the genetics 
of these relative specificities and on their role in the fertilities and sterilities 
of hybrid progenies will be presented and evaluated. 

Petunias of Wild Species Grown by the W. Atlee Burpee Company. 
Cultures of Presumably P. inflata Derivation. In the annual catalog for 1936 
of the W. Atlee Burpee Company there were listed seeds of P. inflata (2483), 
which was described as having small flowers of purplish carmine coloring, 
and seeds of P. inflata Sapphire (2484) which had small flowers of sapphire 
blue coloring. In the catalog for 1937 there was added the seed (2468) of a 
Petunia called ** Phoenicea ”’ which had bright rosy purple flowers about two 
inches across. All these were discontinued in the catalog of 1943 but certain 
seedling cultures were continued in the experimental plots. In 1950, the 
writer evaluated four such cultures. All had small flowers of a size and a 
shape that corresponded closely to the flowers of the Kew clone of P. integrt- 
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folia (figures 1 and 14). But all the stamens were shorter than the pistil, the 
pollen was not blue, the pedicels did not become deflexed, and the stems were 
much thicker and more erect. In the field notes these were called * primrose 
flowering.” 

It may be stated here that in none of the more than 800 cultures of 
Petunia that were grown at Floradale Farms in 1950 did a plant have de- 
flexed pedicels. This feature of P. integrifolia (figure 16) was absent in the 
entire group of horticultural varieties as well as in the progenies of breeding 
of which many had strong anthocyanin coloring. This feature of deflexed 
pedicels is recessive in F, progenies of P. axillaris x P. integrifolia and it is 
reported to be absent in P. inflata (Fries 1911). Possibly this character is 
the chief feature of differentiation between P. inflata and P. integrtfolia. 

In 1941, the W. Atlee Burpee Company grew two cultures, that were 
evidently P. inflata, of seeds collected from wild plants in Argentina and 
distributed by the University of California Botanical Garden (U.C.B.G. Nos. 
40-507 and 515). In 1942 a further progeny of one of these was grown and 
an excellent photograph was obtained. This, together with the field notes, 
indicates that the leaves, stems, flowers, calyx lobes, and capsules of these 
plants were like those of the Kew clone of P. integrifolia but that the pedicels 
did not become deflexed. During 1951, 19 plants were grown of seeds labeled 
Petunia inflata that came from the Instituto de Fitotécnica, Quinta Agrono- 
mica, at Tucuman, Argentina. These plants had no specific character that 
distinguished them from the Kew clone of P. integrifolia except that the pedi- 
cels did not become deflexed. Tests of 15 of these plants revealed that eleven 
were completely self-incompatible and three were feebly self-fertile (pseudo- 
fertility). Ten were crossed in one or more relations, all of which gave fine 
capsules and numerous seeds. 

Cultures of White-Flowered Petunias. In 1941 and 1942 the W. Atlee 
Burpee Company grew white-flowered plants of eight different collections of 
seeds from wild plants in Argentina that were distributed by the University 
of California Botanical Garden. In 1942, excellent photographs were obtained 
of the flowers, branches, and leaves of representative members of seven of 
these lines. These together with the notes of descriptions indicate that most 
members of six lines may be identified as P. axillaris, with, however, minor 
variations in size of flowers and the character of the coloring in the throat of 
the flowers. Two other lines were definitely P. parodi in respect to the long 
slender tube of the flowers; but there are no data on the lengths of the 
stamens. 

One line of the type of P. axillaris was continued in 1946 and in 1950. 
Only four plants were grown in 1950. These had a habit of growth and leaves, 
stems, flowers, and capsules that were almost identical in character with the 
cultures of P. avillaris that were grown at The New York Botanical Garden. 
But there was one difference in that each plant was self-fertile and all were 
reciprocally cross-fertile. There were no self- and cross-incompatibilities in 
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these plants unless they were hidden. The field notes reveal that in the second 
generation of this line grown in 1942 there were two divergent members that 
had long flower tubes. 

Another line was grown in 1946 and 1950. All six members grown in 
1950 had long slender flower tubes, relatively slender branches, and long 
calyx lobes but the anthers were of three lengths as is typical for P. axillaris. 
All members were self- and cross-fertile. The records of the University of 
California Botanical Garden reveal that the original collection of seed 
(U.C.B.G. 40-516) from which this line arose was received via Dr. Horacio 
Descole, Instituto Miguel Lillo, Tucuman, Argentina. 

Data from the Herbarium and the Botanical Garden of the University of 
California. Several of the specimen sheets in this herbarium, of collections 
in Argentina, appear to conform closely to the true P. axillaris grown at the 
N. Y. Botanical Garden. Four of these (23198, 23201, 23428, and 23687) 
were collected in the Province of Buenos Aires and the notes indicate that 
the type of Petunia axillaris is common in this Province. 

Four other specimens had flowers with tubes that were conspicuously 
long and slender (two or more inches in length) and otherwise similar to 
plants of P. parodi grown at The N. Y. Botanical Garden, but no data were 
recorded on the lengths of the stamens. Three of these specimens were col- 
lected in the Providence of Jujuy. These four specimens have been identified 
by Dr. Ivan M. Johnston as Petunia axillaris var. leptantha with no reference 
to the true P. parodii which had already been named and described by Steere. 
The writer has thus far failed to locate any publication of this varietal name. 

it may be noted that one specimen (548687 ),which had been collected in 
the Province of Mendoza and identified as P. axillaris, had flowers that were 
pale lilac streaked with purple and that the corolla tube was slender and 
about two inches in length. Another specimen (22441) from the Province of 
Jujuy which had small purple flowers but a habit “very like P. axillaris” 
was identified as Petunia occidentalis. 

At the Botanical Garden of the University of California the writer ob- 
served (1) a considerable number of plants that closely resembled the Kew 
clone of P. integrifolia except that the pedicels did not become reflexed; (2) 
numerous plants that may be classed as P. avrillaris; (3) some piants that 
were like P. axillaris except that the flowers were noticeably tinged with 
rose-purple ; and (4) a number of plants whose flowers were like those of P. 
parodi except that the stamens were of three lengths. 

Concluding Remarks. From the information noted above it appears that 
the true Petunia avrillaris has wide distribution in certain areas of Argentina. 
But there are data on self-fertility for only four plants of one culture of these 
particular plants. There are also wild plants that conform closely to P. parodt. 
But the six members of one derived culture (Burpee 50 No. 600) and all 
plants of this type that were growing in the U. C. Botanical Garden in 1950 
had stamens of three lengths and hence were not typical of P. parodii. It 1s 
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possible and probable that there has been natural hybridization in Argentina 
between the two types, P. axillaris and P. parodu, and that this may have 
given rise to genotypes and races that have long slender flower tubes and three 
lengths of stamens. 

The experimental studies reported in the following chapters of this mono- 
graph involve pure-breeding lines of the two distinctly different types 
designated as P. axillaris and P. parodu. There may be some questions re- 
garding the abundance and distribution of these two types of Petunia in 
South America and also as to the extent to which the members of P. axillaris 
have intraspecific self- and cross-incompatibilities. 


CHAPTER 2. INTRASPECIFIC REPRODUCTION IN Petunia parodu 


Source of Material. One collection of seeds of Petunia was supplied to 
the writer in 1937, two in 1939, and one in 1942 by Professor Lorenzo 
Parodi. The seeds received in 1937 were collected from plants that grew in 
the Jardin Botanico of the University of Buenos Aires. Fourteen plants 
grown from the seeds obtained in 1937 were self-fertile and definitely Petunia 
parodu and one other was self-incompatible and typical of P. arilaris. Of the 
two collections received in 1939, one (series 140 in figure 3), from the wild 
in the province of Buenos Aires, gave 17 plants of P. parodu of which 10 
were studied. The other collection (series 139), from the Jardin Botanico 
in the city of Buenos Aires, gave 29 plants of P. axillaris, 11 of P. parodu, 
and two that appeared to be hybrids of these two species. The coilection of 
1942 was obtained in the “campana’”’ (level country) near Buenos Aires 
and all of the 17 plants which were grown were P. parodiu, but in comparison 
to the plants from the seeds of 1939 they had somewhat smaller flowers and 
the foliage was paler green. The plants grown from these seeds will be called 
the parent generation. 

Counts of chromosomes during early stages of meiosis were made for 
several of the plants of Petunia parodu and in all cases the somatic number 
was 14 (2n=/+/7). 

Data for the Intraspecific Reproduction of Petunia parodii. J/ie Par- 
ent Generation: Series 139 and 140. Figure 3 presents the results of ex- 
perimental tests by controlled pollinations of 8 plants (of the total of 11) 
grown from seed collected in the Jardin Botanico and of 10 plants (series 
140) grown from seed obtained in the province of Buenos Aires. Each plant 
was fully self-fertile to self-pollinations. All combinations of cross-relations 
that were tested by controlled pollinations were fully cross-fertile, and these 
tests included nearly all the possible cross-relations between all the members 
of each of the two groups. 

Data for a Pedigreed First Generation. Selfed progenies were grown of 
3 plants of series 139 and of one plant of series 140, and for these the data 


are as follows: 
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Of plant 140-10, the 14 individuals of a selfed progeny were all self- 
fertile and the 212 cross-relations which were tested were fully fertile. Of 
plant 139-8, the 37 plants of a progeny were all fertile and all the 119 cross- 
relations which were tested were fertile. Twenty-seven members of a selfed 
progeny of plant 139-28 were self-fertile and the 51 cross-relations tested 
were fertile. Of a progeny of plant 139-42 twenty-five plants were self-fertile 
and the 62 cross-relations that were tested were fertile. 
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Fic. 3. Chart indicating reactions of the parent generation of Petunia parodi. 
Symbols: H refers to unilateral hybridization; O to unilateral sterility; F to intra- 
specific reproduction. 


The Second Generation. In two progenies of a second generation of con- 
trolled selfing there were 51 plants all of which were self-fertile. 

The Third Generation. In 1947, eleven plants were grown from selfed 
seed of a plant of the second generation for special use as testers. Each was 
selt-fertile. Another series (No. 346) was grown for a special study of the 
heredity of habits of growth and of these the 25 plants that were tested were 
self-fertile. 

The Progenies of the 1942 Collection. The 17 members of the parent 
generation were all self-fertile and the 10 members of a selfed first generation 
were also self-fertile. 
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Summary. The parent progenies of P. parodii comprised 14, 11, and 17 
plants all of which were self-fertile. There was a total of 103 plants of the 
first generation of selfed seedlings, 51 of the second generation, and 36 of 
the third generation which were tested and found self-fertile. More than 500 
cross-relations were tested, mostly of intra-series relations but also of re- 
lations of seedlings with a parent and of the relations of seedlings of different 
parents. Every one of these cross-relations was fertile. Most frequently the 
capsules had from 500 to 1,000 seeds each. The highest number counted 
was 1,220. 

Character of these Progenies of P. parodii. Without exception all 
plants of these cultures of P. parodiu were distinct from those of P. axillaris 
in both flowers and foliage. There were slight variations in the size of open 
flowers and in the length of the corolla tube but remarkable uniformity in its 
slender form, in the equal length of four of the stamens, and in the more 
slender filaments and smaller anthers, all of which were sharply differential 
features (see figure 1) in comparison with flowers of P. axillaris. Also the 
lobes of the calyx were more elongated and leafy in P. parodit. 

Seedling plants of P. parodii developed more rapidly than did plants of 
P. axillaris, They reached flowering maturity, completed their flowering and 
died much sooner, especially as grown in the greenhouse for the experimental 
studies. A larger proportion of them died from attacks of a root-rot fungus. 
Propagation by cuttings was more difficult. The plants had more slender 
branches and the leaves were smaller. 

Individual differences among the seedlings were noticeable in habits of 
growth (see figure 2) and comparable differences were also observed in 
seedlings of both P. axillaris and P. integrifolia. In one extreme type of 
growth the main stem of a seedling made good and often vigorous axial 
growth while the formation or the growth of lateral branches was inhibited. 
At the other extreme the elongation of the main stem was inhibited but there 
was vigorous growth of laterals from the axils of leaves of the rosette. There 
were also cases of both axial and lateral growth, and also variations in the 
number and vigor of laterals. These differences were noted among the mem- 
bers of the parent generations and also among the members of most series of 
the first and the second generations which were all of selfed seeds. One series 
of the third generation was derived from the selfed seeds of a plant that had 
both good axial growth and several well-developed laterals. Every one of the 
75 members of this progeny had strong axial growth and well-developed 
branches along the axis below the first flower. This result indicates that there 
is probably a genetic basis for the different habits of growth observed in the 
cultures of all three of the species of Petunia that were studied. 

There were no noticeable reductions in vigor of growth or of fertility in 
any of the selfed progenies of P. parodu that could be attributed to the de- 
generative effects of self-reproduction and inbreeding. 

Evaluation of the Intraspecific Reproduction in Petunia parodii. /Po- 
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tential fertility. The. potential fertility of plants of P. parodii is to be 
evaluated by the number of flowers on a plant, the character of the pollen 
and ovules, the number of seeds per capsule, and the ability with which seeds 
are produced in any relation. The potential fertility for all flowers of all plants 
of P. parodu was high, as it was also in P. avillaris. 

Complete Intraspecific Reproduction. In the plants of P. parodt which 
were studied the actual fertility in terms of seed production was close to the 
maximum potential fertility. There was frequently effective autonomous self- 
pollination at the time when the stigma was ready to receive pollen, and there 
were no self- or cross-incompatibilities to limit or restrict the favorable 
action of any pollen that was brought from other plants of this species. 
Relatively few flowers failed to produce capsules and seeds even when en- 
closed in the wire cages employed in the experimental work and left to 
autonomous pollination. Of the controlled hand-pollinations of both self- and 
intraspecific cross-relations very few failures of individual flowers occurred. 
It appears that the chief cause of failure in these tests was that open flowers 
were sometimes “ flooded ” with water when plants were watered. 

The evidence seems fully adequate and conclusive that there were no self- 
or cross-incompatibilities among the plants of P. parodii obtained in these 
studies. In full agreement are the reports by Ferguson and Ottley (1932) 
and by Mather (1944) for the plants of their studies which they called P. 
axillaris but which were evidently of the species P. parodit. 

Genetical Constitution. On the basis of the results reported above it 
appears that complete and unrestricted intraspecific reproduction is possible 
in the species Petunia parodu. There was a remarkable homozygosity for all 
characters and qualities of both the male and the female structures and ele- 
ments of sexual differentiation. There was no selective functioning of either 
the male or the female structures, including (a) stamens and pollen and (b) 
pistils and ovules, which effected any limitation of reproduction. Thus the 
genetic constitution in respect to the factors of intraspecific reproduction and 
fertility of such a diploid (2n=14) population of P. parodit can be repre- 
sented by the formula PP. Since special accessory hereditary “‘.S”’ factors 
which effect self- and cross-incompatibility were absent in these plants the 
genetic constitution for reproduction can be represented, for comparison with 
such a species as P. axillaris, as PP S 0.0. 


CHAPTER 3. INTRASPECIFIC REPRODUCTION IN Petunia axillaris 


Data for the Parent Generation: Series 139. Material and Methods. 
Of the plants of this series grown from seeds collected in the Botanical 
Garden in Buenos Aires, 29 were definitely diploid Petunia axillaris (others 
were P. parodit). 

The reactions to self-pollination in these plants were tested by controlled 
normal self-pollination. Branches with flowers were enclosed in glassine 
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paper bags or an entire plant was enclosed in a fine-mesh, wire cage con- 
structed as a cylinder that was closed at one end (figure 34). At the time of 
normal anthesis the anthers of the flowers of P. axillaris are not dehisced but 
usually there is some secretion on the stigma. Soon the secretion increases in 
quantity and then the anthers of the flower dehisce. But the anthers stand 
somewhat below the stigma in a position that does not promote autonomous 
selfing. Hence all the self-pollinations of these tests were made by hand at a 
time when secretion was visible on the stigma and while pollen was abundant 
and in good condition. 

The cross-relations between individual plants were tested by controlled 
pollinations. The flowers were emasculated in the bud shortly before anthesis 
and later when there was abundant secretion on the stigma the fresh pollen 
for the desired test was obtained directly from a flower and used in a fully 
controlled pollination. It was found that cross-relations, both fertile and in- 
compatible, can be determined accurately for plants of 2n P. axillaris without 
the emasculation of the flowers of the self-incompatible plant that is used as 
a female parent. In the tests of later progenies of 2n P. axillaris the plants 
were enclosed in a cage, there was a normal anthesis of the flowers, and the 
stamens were removed at the time when the controlled cross-pollinations were 
made. Any stray self-pollinations did not influence the reactions of self- 
incompatibility, cross-incompatibility or cross-fertility. But in all cases there 
was emasculation and complete control in obtaining seeds that were used in 
planting for pedigreed progenies. 

Self-Incompatibility: figure 4. Every one of the 29 plants of this series 
which were judged to be Petunia axillaris was self-incompatible. Preliminary 
tests by fully controlled cross-pollinations were made and the maximum 
number of individual plants of any one intra-incompatible group, or genotype, 
that were kept for more complete tests, was limited to three. This explains 
why there are no more than three plants in any of the genotypes reported in 
figure 4. 

Cross-Incompatibility and Cross-Fertility. In the relations between these 
22 self-incompatible plants there were both cross-incompatibility and cross- 
fertility. There were 11 mating groups or genotypes. For the members of each 
group there was cross-incompatibility and for members of any two groups 
there was cross-fertility. In each of five of these genotypes there was only 
one plant, owing, it is believed, to the rather limited number of plants 
studied. 

The data obtained demonstrate two important features of intraspecific in- 
compatibility : 

a. Each self-incompatible plant was potentially able to function both as a 
seed parent and as a pollen parent in seed reproduction. Hence the conditions 
of self- and cross-unfruitfulness were relative and selective. They did not in- 
volve abortion of spores or gametes or the inability of any one or more of the 
essential elements of reproduction to function. 
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b. There was not only self-incompatibility but also cross-incompatibility. 
This condition was not recognized by Darwin (1876) or, at least definitely, 
by others of the horticulturists, botanists, and plant breeders until the re- 
ports by de Vries (1906) and especially by Correns (1912, 1913) appeared. 
Correns recognized that both self- and cross-incompatibilities within a species 
are determined by the same hereditary factors, and that self-incompatibility 
does not exist as a purely individual condition that is determined by an “ in- 
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Fic. 4. Chart indicating reactions of 22 seedlings of the parent generation of 
Petumia axillaris. The symbol S indicates self- and intragenotypic incompatibility. 


dividual stuff’ as had previously been believed (see especially Jost 1907). 
The first recognition of the diplont-haplont reaction of intraspecific self- and 
cross-incompatibilities was by Prell in 1921 (see discussions by Stout 1938, 
1945b). 

Potential Fertility and Intraspecific Reproduction. Each plant that ex- 
hibited self-incompatibility and cross-incompatibility was able to function in 
seed reproduction in certain relations. Thus a potential or basic fertility 
operated through the fertile cross-relations to provide continued reproduction 
of the species. It is certainly inadequate to state, as is frequently seen in 




















STOUT: REPRODUCTION IN PETUNIA 17 


publications, that a ‘ species is self-sterile.” In such a species the members 
of the successive generations which comprise it have what may be called a 
fundamental basic or potential fertility of intraspecific reproduction. As in P. 
parodi, the plants of P. axillaris are remarkably uniform and homozygous 
for all basic features of sexual differentiation and there is the possibility of 
complete intraspecific reproduction except for the limitations due to the 
physiological action of S factors. 

The potential fertility of the individual members of the species P. axillaris 
is very uniformly high when it is judged by the size of the capsules and the 
number of seeds obtained by fertile intraspecific cross-relations. Counts of 
seeds in typical capsules were obtained of * fertile’ relations from various 
diploid genotypes and generations. The number ranged from 405 to as high 
as 813. A total of 6,051 of these seeds were placed in water and only 108 did 
not sink. Dissection and microscopic examination showed that the seeds 
which sank contained endosperm and embryo and that those which floated 
were more or less empty. The normal seeds of diploid plants of P. axillaris 
are somewhat spheroid and those that were measured ranged from 0.52 mm. 
to 0.75 mm. in greater diameter. The well-formed capsules typical of diploid 
plants are as much as 13.5 mm. in length and 6.0 mm. in width. There are, 
or course, differences in the size of capsules and in the numiber of seeds per 
capsule according to vigor and age of a plant, position of capsules on the 
branches of the inflorescence, and adequacy of pollinations. The number of 
seeds obtained in capsules of P. axillaris was somewhat less than in capsules 
of P. parodi. 

Pollen-tube Behavior in Self-Incompatibility. This was determined for 
normal self-pollinations of flowers of the plant 139-12, which was a member 
of the genotype designated as (S 1.3). The original diploid plant was 
propagated as a clone and a suitable number of flowers was available for 
study over a period of one week. Controlled normal close-pollinations were 
made so that the time when pollen was applied was known. The pistils were 
collected at various intervals, split lengthwise, spread and somewhat flattened 
by pressure, and stained with acetocarmine. The most advanced tubes were 
about half-way down the style at the end of 34 hours after pollination and 
there was almost no further growth in length. Six days after pollination, when 
the style dropped at the touch, the longest tube observed had grown to a 
length of 29 mm. in a style that was 43 mm. in length. In these studies the 
pollen tubes ended at various levels in the upper portion of the styles but 
there was no definite zonation of the ends at two different levels which would 
definitely indicate a differential growth cf classes (as S 1 and S 3) of pollen- 
tubes after normal self-pollination. It wiil be shown later in the experimental 
studies that the S 1 class of pollen functions in premature self-pollinations of 
the plant 139-12. But in the normal self-pollinations of this representative 
plant of S 1.3 the incompatibility reactions involved a limited growth of all 
pollen-tubes in the tissues of the style. 

The Experimental Evaluation of Intraspecific Incompatibilities. The 
information obtained in the tests reported in figure 4 and in similar pre- 


. 














lS MEMOIRS OF THE TORREY BOTANICAL CLUB 


liminary studies of other plants, does not indicate the precise type of incom- 
patibility or the genetic constitutions involved in the control of the incom- 
patible reactions. 

For the adequate identification of the type of genetic determination and 
expression of intraspecific incompatibilities in any species or group of plants 
or animals, it is necessary to obtain and analyze what may be called pedi- 
greed collateral progenies. This term may be applied to two or more of the 
progenies that can be derived in successive generations from any two cross- 
fertile genotypes of a population of self-incompatible plants. The number of 
the cross-fertile genotypic combinations, including reciprocals, for the eleven 
genotypes of the original population (see figure 4) is 110. To obtain and 
study all of these was impossible, hence the effort was mainly directed to a 
study of the collateral progenies of a minimum sustaining population derived 
from two self-incompatible but cross-fertile individuals. Also these two 
original parents were propagated vegetatively as clones for use as testers of 
the progenies. 

Data for Reciprocal Collateral Progenies of a Pedigreed First Gener- 
ation. Series 161: Progeny of Genotype IxII; figure 5. The seed parent 
of this series was the plant 139-40 and the pollen parent was 139-12. Each 
of the 58 members of this progeny was self-incompatible. Twenty were tested 
in most of the possible cross-relations and all were sufficiently tested to de- 
termine the genotypic constitutions. In order to reduce the size of figure 5, 
data are presented for only ten plants. 

There were only two mating groups or genotypes. The members of one 
group were reciprocally cross-incompatible with their pollen parent (139-12) 
and hence were of the same genotype (II). The members of the other group 
were reciprocally cross-fertile with both parents and were hence of a dif- 
ferent and new genotype. 

Thus the progeny of I x II was composed of II and III. The genotype of 
the seed parent did not appear in the progeny. That this was the case could 
only be demonstrated and determined by the reactions with the parents which 
had been kept in propagation. 

The Reciprocal Progeny: Series 155; II x I, The seed parent of this 
progeny was 139-12 and the pollen parent was 139-40. Each of the 28 plants 
which were grown and tested was self-incompatible. Figure 6 presents the 
pattern of the reactions and these data are representative of the behavior of 
all 28 plants. There were two mating genotypes in respect to intra- 
incompatibility and inter-fertility. One group was reciprocally incompatible 
with the pollen parent and hence its members were of the same genotype (I). 
The other was reciprocally cross-fertile with both parents. 

Explanation of figures 5 and 6 


Fic. 5. This chart indicates the reactions of five representative members of each 
of the two mating groups in the progeny of 139-40 (S. 1.2) * 139-12 (S. 1.3). Fic. 6. 
A chart indicating the reactions of representative members of the two genotypes in the 
progeny of 139-12 (II, S 1.3) * 139-40 (I, S 1.2). 
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The two groups, the one of 161 and the one of 155, which were re- 
ciprocally cross-fertile with both parents were tested in as many as ten of 
each of their reciprocal relations. There was complete incompatibility. Hence 
both groups were of the same genotype and the formula for series 155 is II 
x I = Land III. 

Evaluation of the Reactions and the Genetic Constitutions. In each of the 
two reciprocal progenies only two mating groups appeared ; one was the same 
as that of the pollen parent; the other was a new genotype; the genotype of 
the seed parent did not appear in either progeny. The new genotypes of the 
two series were the same in constitution. All these conditions conform to the 
assumptions first postulated by Prell (1921) for the relations between two 
self-incompatible heterozygous plants that possess one oppositional S factor 
in common. In the application to the two plants of Petunia axillaris which 
were the parents of series 161 and 155 the assignment of incompatibility 
factors may be S 1.2 for the plant 139-40 and S 1.3 for the plant 139-12. 
In the relation of S 1.2 x S 1.3 the segregation of S factors in the pollen 
parent gave two classes of pollen, one of S 7 and one of S 3. The haploid pol- 
len tubes which carried the common factor S 7 were inhibited in the pistil 
whose diploid cells possessed S$ 1. But the pollen tubes which carried S 3 
functioned and there was full production of seeds. The cross-fertile reaction 
was selective for pollen of the S 3 class and there was hidden incompatibility 
for all pollen of the § 7 class and this resulted in the elimination of the geno- 
type of the seed parent from the progeny. The same conditions operated in the 
reactions that were involved in the reciprocal progeny. All the tests indicated 
(a) that the two parents, and the two genotypes which they represented, dif- 
fered in only one S factor, (b) that the genotype of the seed parent was 
eliminated in the immediate progeny, and (c) that the same new genotype ap- 
peared in each of the two reciprocal collateral progenies of the first generation. 
These conditions and reactions may be represented as follows: (1) S 1.2 x 
(II) S 1.3 = (11) $ 1.3 and (III) S 2.3; and (11) $1.3 x (1) S$ 1.2 = (1) 
§ 1.2 and (III) S 2.3. 

If the assignments of genetic constitutions given above are correct each 
of the three genotypes obtained in the first generation of the reciprocal prog- 
enies 161 and 155 was heterozygous and collectively they included only the 
three S factors which were present in the two parents. Also the population of 
the next generation which could be derived from all possible cross-relations 
between the three genotypes would include six different collateral progenies of 
which four would be additional to the two reciprocal progenies of the previous 

generation. 

Data for Three Other Collateral Progenies. Data and Evaluations. 
Seeds of each of the fertile relations between the three genotypes were 
obtained in abundance from the test pollinations that were made for members 
of series 161 and 155. Also the two parents and several individuals of each 
of the four groups in these progenies were propagated for use as testers. 
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Three progenies were grown for the analysis of the offspring of S 2.3 
and the parentage and numbers of these were as follows: 


Series 250, S 1.3 x S 2.3, 19 plants; 
” hehe a XS ES, eo gees; 
" ttt 3 Lex 23, £6 pants. 


Except for the pollen parent of series 251, which was 139-12, all the 
parents were segregates of the series 155 and 161. 

Kach of the 64 plants in these progenies was self-incompatible. Every 
plant was adequately tested for the determination of its genotypic constitution. 
Each progeny was composed of only two mating groups, one group was 
cross-incompatible only with the pollen parent, and the other was cross- 
fertile with both parents. Thus the patterns of the intra-series relations of all 
of these three progenies and of series 155 and 161 were exactly alike. But 
the reactions with the parents and with testers known to be S 1.2, S 1.3, and 
S 2.3 proved that the formulae for these three series were as follows: 


Series 250, S 1.3 x S 2.3 = S 1.2 and S 2.3; 
Series 251, S 2.3 x § 13 = S 1.2 and S 1.3; and 
Series 253, S 1.2 x S 2.3 = § 1.3 and S 2.3. 


When the plants of series 253 were in bloom, homozygous plants of S$ 1.1 
were available for use as testers. Also some members of each of the mating 
groups in all series which were grown were propagated and later these were 
tested in relations with S 7.1 and S$ 3.3. Without exception all reactions con- 
firmed the analyses given above and were as indicated in figure 11. 

Progenies of Premature Selfing. Premature Pollinations. <A diploid 
plant of any of the genotypes S 1.2, S 1.3, or S 2.3 was completely self-in- 
compatible when normal self- or close-pollinations were made either auto- 
nomously or by hand. But some capsules and viable seeds were obtained when 
pistils of plants of all three of these genotypes were close-pollinated before 
anthesis at a time when the pistils were not mature and before there was 
visible secretion on the stigma. Many of these pollinations failed to induce 
any development of capsules and the capsules that were obtained were smaller 
than those obtained on the same plant in fertile cross-relations. Also the 
number of seeds obtained per capsule was definitely below that of the 
potential fertility. The highest number obtained of any premature pollination 
of any plant of 2n P. axillaris was 256, but often the number was less than 
100. 

Data for the Progenies of Selfing. Four of these progenies were grown 
and tested. One, of 17 members, was a progeny of a plant of S 1.2; two, of 22 
and 18 members, were progenies of two different plants of S 7.3; and one, of 
15 plants, was a progeny of a plant of S$ 2.3. 

The patterns of the intra-relations in all these four progenies were alike 
but different from the pattern of any of the collateral progenies arising from 
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the crossing of S 1.2, S 1.3 and S 2.3. There were only two intra-incom- 
patible groups in each progeny but in their reciprocal cross-relations there 
was one-way fertility and one-way incompatibility (figures 7 and 8). 

Each one of the 72 members of these four progenies was self-incompatible. 
The members of each progeny were very fully tested for intra-progeny re- 
lations, and also many members of each group were tested in critical de- 
terminations with known genotypes. 
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Fic. 7. This chart indicates the reactions of plants obtained by the premature 
selfing of a plant that was S 2.3. The genotypes S 3.3 and S 2.3 were obtained but there 
were no members that were S 2.2. 


Figure 7 presents data for ten of the fifteen plants of a selfed progeny of 
S 2.3. The tests revealed that one genotype was S 2.3 and the other was S 3.3. 
The critical tests for the latter were that, as pollen testers, the members of 
this group were cross-incompatible with S 1.3 but cross-fertile with S 1.2. 
Hence they were $ 3.3 and not S 2.2. Thus the formula for this progeny 1s 
S 2.3 = § 2.3 and S 3.3. There were no plants of S 2.2 in the progeny of 15 
plants that were grown. 

The tests of the progeny of 17 plants grown from S§ 1.2 selfed were fully 
conclusive that there were only the genotypes S 1.2 and § 1.1. 
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Evaluations. 
S 1.3, and S 2.3 was much less than the potential fertility in regard to num- 
ber of seeds produced. 
The analysis of the progenies obtained show that there was a selective 
fertility in that only one class of pollen functioned and a selective incom- 
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Fic. 8. The progeny of the premature selfing of a plant of S 1.3 was composed 


of only the genotypes S 1.1 and S 1.3 and one member whose self-fertility was due to 
a somatic mutation. 


There were two progenies of S 1.3 selfed. One was from 139-12 which 
was of the parent generation grown from seed obtained from Argentina. 
This progeny of 22 members was composed of § 1.1 and S 1.3 genotypes 
only. Another series (295; figure 8) grown from the selfed seed of a plant 
249-4 (S 1.3) was also composed of S 1.1 and S 1.3, but there was one 
aberrant self-fertile member whose status will be considered later. 


The fertility of all premature close-pollinations of S 1.2, 
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patibility or competition for the other class of pollen which eliminated one of 
the possible homozygotes. 

In the progenies of S 1.2 and S 2.3 no plant of S 2.2 was obtained. This 
indicated that the § 2 factor in pollen tubes had incompatibility reactions 
with the tissues of young pistils at a time when S 7 and S$ 3 did not have 
such reaction. Thus S 2 was different in the strength or degree of the in- 
compatibility reaction. There was also a differential and relative quality of the 
S 3 factor according to whether it was associated with S/7 or S 2. The S 3 
pollen tubes did not function in the premature self-pollinations in S 7.3 pistils 
but did function in S 2.3 pistils. 

There was, it should be noted, no differential reaction in normal self- 
pollinations of any member of the genotypes S 1.2, S 1.3, or S 2.3. Numerous 
individuals of each genotype were grown and many self-pollinations were 
made. But not one instance of self-fertility was observed except that of the 
plant 295-16 (figure 8). 

Secondary Collateral Progenies of S$ 1.1 * S 1.2 and § 1.3. Series 
249 and 252; figure 9. The progeny 249 was derived from S 1.1 x S 1.3; 
series 252 was from § 1.1 x S$ 1.2. In distinction from the primary collateral 
progenies that are obtained of heterozygous plants, the progenies that arise 
from one or more parents that are homozygous for an S factor may be called 
secondary collaterals. The evaluations of these two series provide further 
data on the constitution of the plants considered to be S 7.1, on the behavior 
of the S / factor in pistils when it is duplicated in diploid pistils and is not 
associated with a different allele, and on the reactions of the S 3 factor in 
such pistils. 

The parentage of series 249 was 164-7 (S 1.1) x 139-12 (S 1.3). Thus a 
seedling of premature selfing was crossed with its own parent. The capsule 
contained 5/1 seeds almost all of which were normal in size and shape. Sixty 
seeds which were dissected had endosperm and embryo. There was excellent 
germination and the seedlings were remarkably uniform in vigor. Twenty-five 
were selected at random for potting and twenty were grown to flowering age 
and tested. Each plant was self-incompatible and the intra-series relations 
were adequate to show that the twenty plants comprised one intra-incom- 
patible genotype. Ten plants were propagated and tested in all possible 
cross-relations and also in reciprocal relations with known plants of S 1.1, 
S 1.2, S 1.3, and S 2.3. The results proved that all of the twenty members 
of this progeny were S 1.3. Thus the progeny of S 7.1 x S$ 1.3 =$1.3 only. 
There were no members that were S /.1, hence there was hidden incom- 
patibility for the S 7 pollen tubes and only S 3 pollen tubes escaped incom- 
patibility reaction. 

Of series 252, the twenty-three members that were tested were self- and 
cross-incompatible and the tests with the known genotypes mentioned above 
showed conclusively that all were S 1.2 in constitution. Thus the progeny of 
S 1.1 x S$ 1.2 = S$ 1.2 only and there had been hidden incompatibility for S 1 
pollen tubes while S 2 pollen tubes had functioned in fertility. 
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Evaluations. The S 1 factor was inactive in the premature self-polli- 
nations of plants of S 7.2 and S$ 1.3 and this had given some plants of S J./. 
But in the normal self-pollinations of these plants there was effective self- 
incompatibility, and also complete incompatibility with the S 7 pollen of S 1.2 
and S 1.3 genotypes. In the normal pollinations of S 1.1 x S 1.2 and S 1.3 
it was only the S 2 and the S 3 pollen tubes which functioned. In the pre- 
mature selfing of $1.2 the S2 pollen tubes did not function and in the 
premature selfing of S 7.3 the S 3 pollen tubes did not function. 
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Fic. 9. The 20 members of series 249 were of the parentage S 1.1 & S 1.3 and all 
were S 1.3. The 23 members of series 252 were of the parentage S 1.1 & S 1.2 and 
all were S 1.2. 


Data for a Progeny of S 4.6 S 4.5. The Series 297: 120-30 x 139- 
27. Five members of the parent generation of P. avillaris were cross-fertile 
with all others of. this generation which were tested (see figure 4). It was 
assumed that each of these five plants was a member of an intra-incompatible 
genotype that differed from any other genotype by at least one S factor. To 
test this assumption a progeny of eleven plants was grown from seeds of 
139-30 x 139-27. The small size of this progeny was due to limitations in 
greenhouse space. 
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Each of the eleven plants was self-incompatible. There were only two 
mating genotypes and the patern of reactions was like that of figure 6. All the 
plants were reciprocally cross-fertile with plants of S 1.1, S 3.3, S 1.2, S 1.3, 
and S$ 2.3. Hence none of them possessed the factors S 7 or S 3. It was 
considered that the genotypes of the two parents could be assigned as 
S 4.6 x § 4.5 in which case the genotypes of the progeny were S 4.5 and 
S 5.6. Members of these two genotypes were propagated and used as testers 
when it was desired that there be no common S factor of P. axillaris. Various 
of the evaluations which are reported later could not have been made with- 
out the use of these or similar genotypes as testers. 

The Case of Mutation to Self-fertility. Data for the Self-Fertile Plant. 
Number 16 of series 295 (figure 8) was the only individual of all the prog- 
enies of 2n P. axillaris which was selt-fertile. Its chromosome number was 
14 (7 +7) and it was typical of P. avillaris in all features of appearance and 
potential fertility; but it was self-fertile. It was one of a progeny obtained by 
the premature close-pollination of a plant of S 1.3. As is shown in figure & 
all others of the progeny were either S /./ or S 1.3. Hence it was expected 
that the self-fertility involved a loss or a mutation of either S J or S 3. 

In the reactions of the pollen of this self-fertile plant there was cross- 
fertility with pistils of S 1.1, S 3.3, S 1.2, and S 2.3, and there was cross- 
incompatibility with pistils of S 1.3. Each of these reactions was the normal 
incompatibility reaction of the two classes of pollen of an S 1.3 genotype in 
which one pollen class has a factor not present in the pistil. 

As a seed parent the self-fertile plant was fertile with pollen of S 1.1, 
S 1.2, S$ 1.3, and S 2.3 but cross-incompatible with pollen of S 3.3. There 
was incompatibility reaction in the pistil with S 3 pollen tubes but none with 
S 1 tubes. 

Thus the reactions of the various tests indicate that the mutation which 
allowed self-fertility was confined to the pistil, that the plant had S 7 and S 3 
pollen which exhibited normal incompatibility reactions, and that either a 
loss of, or change in, the S J factor in pistils allowed S J pollen tubes to 
function. Further critical evidence on this condition was obtained by an 
analysis of a selfed progeny. 

Data for a Selfed Progeny of 296-16: Series 347 in figure 10. The cap- 
sules and seeds obtained by selfing 295-16 were fully normal and like those 
obtained from fertile relations between 2n plants of P. axillaris. One hundred 
seeds were taken at random from a selfed capsule and planted on June 14, 
1947. Almost every seed germinated; thirty-two were taken at random for 
potting. Twenty of these were repotted three times and they were then in 
six-inch pots. All were vigorous and fully normal in growth and in the 
character of their flowers. The first of their flowers opened on September 30. 
Flowering decreased during the latter part of October and only a few flowers 
were formed after November 15. The 12 plants which were held longer in the 
smaller pots did not flower. The flowers which developed were fully normal 
in the character and reactions of the pollen and pistils. 
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Each of the 20 plants was self-incompatible, and from two to five flowers 
per plant were selfed. The reactions with testers (see figure 10) definitely 
proved that six members of this progeny were S 1.1 and that fourteen were 
S 1.3. There was not a single reaction which did not conform fully to this 
analysis. The progeny of the self-fertile plant was the same in composition as 
the progeny which was obtained of a normal S 1.3 by premature close- 
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Fic. 10. The selfed progeny of the self-fertile plant No. 295-16 was composed of 
S$ 1.1 and 1.3 members that were self-incompatible. 


pollination. No feature of the self-fertility of the plant 295-16 was trans- 
mitted to any of the progeny. Its egg cells which were fertilized carried 
normal § 1 or § 3; but the pollen-tubes which functioned in the pistils were 
normal § 7. The mutation which allowed the S J pollen tubes to function was 
confined to somatic cells of the pistils. 

Somatic Segregation in the Plant 295-16. The original seedling of this 
plant had a dominant main axis and two laterals from the base. The first 
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flower, which was terminal on the main axis, opened on June 3, 1946. It was 
selfed and produced a fine capsule. As soon as this was observed three 
other flowers were selfed, and they also gave good capsules. By this time each 
of the two laterals as well as the main axis had a bostryx in good bloom. In 
the axil of the second leaf below each inflorescence there was, as is frequent 
in petunias, a vegetative lateral and these three laterals were removed for 
propagation. About 20 flowers on the plant were used in controlled pollina- 
tions for the reactions reported in figure 8. Late in the season of bloom six 
more flowers were selfed of which four produced capsules and two did not, 
but the exact locations of the latter were not noted. The original plant did not 
have flowers during the following winter and became so poor in its vegetative 
condition that it was discarded. But the three ramets from cuttings lived 
over winter in excellent condition and bloomed well during the summer of 
1947. Then it was learned that all flowers on two of these ramets were self- 
incompatible and that the other ramet continued to be self-fertile in all of its 
flowers. The two ramets which were self-incompatible were found by adequate 
tests to be normal S$ /.3 in the reactions of both pollen and pistils. The self- 
fertile ramet gave reactions as did the original seedling plant; the pollen gave 
the normal reactions of both S 7 and S 3, but the pistils reacted as though 
they possessed S$ 3 only. 

The self-fertile ramet (295-16-1) had only four flowers after plants of 
series 347 began to flower. Three of these were tested with pollen of S 1.1 
segregates (347 Nos. 9, 11 and 13) and one tested with a segregate of S 1.3 
(347-12) and there was fertility in every case. Also four flowers of the self- 
incompatible ramet 295—6-3 were tested with pollen of S 1.3 segregates 
(347-1, 8, 14, and 17) and the reactions were incompatible, as was the case 
when tests with other $ 7.3 plants were made. 

Evaluations. The evidence is conclusive that the mutation to self-fertility 
in the plant 295-16 was not transmitted by any of the germ cells, but was 
present in certain somatic cells of the pistil to a degree that allowed pollen 
grains of normal S$ / to function, not only in selfing but in any cross-relation. 
The somatic segregation of self-incompatible branches which was fully normal 
for S 1.3 also indicates that the original seedling was itself a chimera which 
probably had an outer histogen of cells in which there was a loss or a mutation 
of the S 7 factor only, and that the tissues which contributed to spores and 
germ cells were normal for both S 7 and S 3. 

It is to be noted that this case of mutation to self-fertility was not like 
that reported by Crane (1947) in Oenothera organensis which was trans- 
mitted to a selfed progeny of 34 plants. Also the tests which were made by 
Crane showed that the mutant allele was inactive in haploid pollen on pistils 
which carried this factor; his S 3.6 x S 3.6, was fertile, but in the reciprocal 
as S 3.6, x S 3.6, there was incompatibility. Crane considered that his data 
indicate ‘that the S gene is a double structure consisting (1) of a highly 
specific part which determines the characteristic incompatibility reaction of 
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a particular S$ allele, and (2) of a less specific part which has the function 
of an activator or “ primer ”’ and that, in this case, the mutant allele had lost 
its activator and could not act in haploid pollen but could be active in diploid 
tissue when accompanied by an allele that possessed the same activator. 

The mutation to self-fertility in the plant of Petunia axillaris was not 
transmitted to any of the seed-grown progeny and hence there was no op- 
portunity for further tests of its genetical status. 

Natural Populations and the Integration of Collateral Progenies. <4 
Minimum Number of Factors and Genotypes. The three heterozygous geno- 
types, (1) S 1.2, (Il) S 1.3, and (III) S 2.3 were combinations of the 
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Fic. 11. This chart indicates the integration of the genotypes of the primary 
collateral progenies in the reproduction of a sustaining population that consists of three 
genotypes that are combinations of three S factors of oppositional status. 


factors § 1, S 2, and S 3, and collectively they comprised the minimum num- 
ber of genotypes in a succession of generations in a natural population. A 
progeny of any cross-fertile relation will contain the genotype of the pollen 
parent and the third genotype. The two reciprocal progenies of any cross- 
fertile relation will contain all three genotypes. Thus in the natural repro- 
duction of successive generations from seed there will be at least three geno- 
types in any population. 

The Integration of Primary Collateral Progentes: figure 11. Any two of 
the three genotypes of such a population that are isolated in nature or in ex- 
perimental studies can give a next generation of reciprocal progenies, as I x 
IJ = II and III; II x I = I and III, that is composed of all three genotypes 
in unbalanced frequency of 1: 1:2. But in the chance cross-pollinations of 
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the three genotypes of this generation there will be six fertile relations and 
the collective and integrated progenies will tend to give a balanced frequency 
for the three genotypes in the next generation. The hidden incompatibilities 
eliminate the genotype of the seed parent from each progeny and also the 
homozygous genotypes are eliminated and for these there is also balance 
(E in figure 11). 

Composite Populations. The feature of balanced genotypes may be ex- 
tended to an entire population when four S factors are involved. The addition 
of one more factor, as S 7, to a minimum sustaining population of P. axillaris, 
will automatically provide three more genotypes or mating groups; (IV) 
S 1.4, (V) S 24, and (VI) S 3.4. Then, thirty fertile inter-genotypic re- 
lations will be possible. Of these, six will involve no common factor, the re- 
actions will have no hidden incompatibility, and each progeny will consist of 
four genotypes, none of which is the same as either of the two parents. For 
example, I (S 1.2) x VI (S 3.4) = (II) $ 1.3; (IIT) S$ 2.3; (IV) S 1.4; 
and (V) S 2.4. This condition was postulated by Prell (1921) and demon- 
strated by East and Mangelsdorf (1925), by Sirks (1927), and by Lehmann 
(1927). The integration of all the possible progenies will give a balanced 
frequency for all four genotypes. But from such a composite population four 
minimum or sustaining units could be isolated as follows: 


S 1, S 2, and S 3 in genotypes I, II, and III; 
S 1, S 2, and S 4 in genotypes I, IV, and V; 
S 1, S 3, and S #4 in genotypes II, IV, and VI; 
S 2, S 3, and S 4 in genotypes III, V, and VI. 


Any one of these units could be isolated as a sustaining population both in 
nature and in pedigreed breeding. 

The Status of the Wild Population of P. axillaris. In the rather small 
sample or segment of the wild species of P. avillaris that was obtained in the 
parent generation (figure 4) there were at least eleven genotypes and twelve 
S factors. Ten different cross-fertile relations were possible for each of the 
twelve genotypes and the number of composite collateral progenies that were 
possible is 110. 

It would require very complete pollinations by insects to effect all these 
relations so that every possible progeny would be represented in the next 
generation with a balance of the genotypes. It would seem that the natural 
distribution of the species would involve the geographic segregation of dif- 
ferent composites and even of minimum primary groups. 

Concluding Evaluations. The Genetic Basis of Incompatibilities m 
Petunia axillaris. The incompatibilities in the cultures which were studied 
of this species were determined by a single allelic series of hereditary factors. 
An individual plant was heterozygous for these “ S” factors, and each of its 


gametes carried only one of these factors. 
The Nature of the Incompatibility Reactions. The incompatibility was 
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a reaction between diploid tissues of a pistil and the haploid pollen-tubes. 
There was independent and efficient self-antagonism involving a gene present 
in the nuclei of a pollen-tube and the same gene in the cells of a pistil. Each 
individual plant was normally heterozygous for the S factors and the somatic 
tissues of its pistils had potentially two different incompatibility reactions. 
The pollen of a plant comprised two different haploid genotypes, and each 
had its one potential incompatibility reaction. In selfing and in intragenotypic 
relations both reactions occurred and there was complete incompatibility and 
no reproduction. In a cross-relation between two plants which had one factor 
in common there was incompatibility reaction only for the pollen tubes which 
carried the common factor and this was hidden by the functioning of the 
other class of pollen. When a cross-relation involved no common factor, as 
S 1.2 x S 4.5, there was no action by any S factor and there was complete 
and unrestricted intraspecific reproduction. 

Both the diplont-haplont reaction in flowering plants and the independent 
self-antagonism of independent and “ oppositional” genetic factors were 
postulated by Prell (1921) and well demonstrated soon thereafter in ex- 
perimental studies especially by East and Mangelsdorf (1925, 1926), Lehman 
(1927), and Sirks (1926, 1927). 

The studies of the past twenty years have revealed other classes of in- 
compatibility and also greater complexity in the diplont-haplont class. In 
the fungi the incompatibilities are often mating reactions between individuals 
that are haploid, bisexual and gametophytic. In the diplont-diplont incom- 
patibilities, seen in certain animals, there is selective conjugation between in- 
dividuals that are bisexual and diploid. In all these types there is effective 
operation of S factors and bigenotypic reproduction. The simplest reaction is 
that of the self-antagonism of independent or oppositional factors, but in the 
more complex reactions there are two or more allelic series of factors with 
complementary reactions (Stout 1938, 1945b). 

The diplont-haplont reaction, well exemplified in the cultures of P. 
axillaris, operates in the mating reaction between two individuals of different 
alternating generations. The pistillate plant is sporophytic and the pollen 
tube is gametophytic. This reaction is an essential one in the series of de- 
velopments and reactions which effect sexual reproduction in flowering 
plants. The operation of incompatibility reactions enforces selective ferti- 
lizations which effect bigenotypic reproduction that is, nevertheless, intra- 
specific. 

It is to be noted that in all the main classes of incompatibilities mentioned 
above the reactions are not gametic. They occur previously to the interactions 
between gametes. Other types of sterility operate in the reactions of gametes 
and in the death of embryos and some of these may be selective and similar 
to incompatibilities in results. 

The Status of Intraspecific Reproduction in P. axillaris. The successive 
seed-grown generations of a species such as P. axillaris are from seeds of 
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fertile cross-relations in which S factors are inactive. Any one of the self-in- 
compatible plants has a high degree of potential fertility and can function in 
reproduction in inter-genotypic relations. 

Also the members of the species are remarkably alike in the character of 
their flowers, which are hermaphrodite and homomorphic. Except for the $ 
factors there is homozygosity for the members and homogeneity for the 
population in respect to the genetic factors which determine differentiations 
in the structure and function of pistils and stamens. Except for the action of 
S factors there is no restriction to full and complete intraspecific reproduction 
made possible by potential fertility. Until one or more of the characters of 
differentiation become heterozygous in determination, as for example in spe- 
cies having dimorphic or dichogamous flowers, the entire complex operates as 
a collective unit. In P. axillaris this diploid mechanism which determines 
intraspecific reproduction may be represented as AA just as the correspond- 
ing mechanism of P?. parodii may be represented as PP. 

The Secondary Status of Incompatibilities. It has previously been 
recognized (Stout 1931, 1938, 1945b) that the genetic and physiological 
mechanism of incompatibilities is accessory to, and superimposed upon, the 
more fundamental and basic mechanism of intraspecific reproduction. This is 
especially obvious in the “ personate’’ (Correns 1916) type of the diplont- 
haplont class, exemplified in the cultures of P. arillaris, for the following 


reasons : 
1. The S$ factors comprise an allelic pair in every diploid plant. No gene 


of any feature of intraspecific fertility is, or can be, allelic to these factors. 

2. No special organs or cells are exclusively involved in the reactions of 
incompatibility. These reactions operate by inhibiting an action that is already 
established as an essential feature of intraspecific reproduction. 

3. Of closely related species one, as P. axillaris, may have incompatibilities 
and the other, as ?. parodu, may have no incompatibilities. This emphasizes 
the fact that no aspect of incompatibilities is an obligate concomitant of re- 
production. 

4. It is obvious that the mechanism of intraspecific fertility operates when 
the S factors are inactive. The antagonism reaction in a pollen tube is 
epistatic to its potential and inherent reactions of intraspecific fertility. 

5. The reactions of incompatibility may be removed or reduced by re- 
moving the secretion on stigmas and by premature pollination. There are 
also such differences in expression as (a) end-season fertility, (b) cyclic in- 
compatibility, (c) border-line action of certain S factors, and (d) com- 
plementary reactions with other factors including those that favor fertilization. 
These features of reduction and inactivation of S factors indicate the ac- 
cessory status of the incompatibility mechanism. 

6. For purposes of abbreviated representation and comparisons the two 
mechanisms operating in P. axillaris may be represented as AA + S x.y. In 
much of the preceding presentations of data, only the genotypes of the in- 
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compatibility mechanism were represented, as S 1.2, S 1.3, and S 2.3. But it 
should be kept in mind that the fertilities of reproduction are effected by 
the fundamental or basic mechanism represented by AA which operates when 
the incompatibility mechanism is inactive. 


CHAPTER 4. INTRASPECIFIC REPRODUCTION IN Petunia integrifolia 


The Kew Clone of Petunia integrifolia. Status of the Kew Clone. The 
studies here reported for Petunia integrifolia involve (1) ramets of the one 
clone, here designated the Kew clone, which was derived from the Royal 
Botanic Gardens at Kew, England, and obtained from Professor Margaret 
Ferguson. (2) ramets of what is here designated a Kew subclone, and (3) 
seedlings derived (a) by premature self-pollination of ramets of the Kew 
clone, (b) by normal selfing of ramets of the self-fertile Kew subclone, and 
(c) by the fertile bigenotypic cross-fertilizations of homozygous seedlings x 
heterozygous and homozygous seedlings. 

Ferguson and Ottley (1932) very fully described the foliage and flowers 
of the Kew clone of which they obtained cuttings from the Royal Botanical 
Gardens at Kew, and they published an excellent plate of drawings which 
show the features of the flower structure. The chromosome number for this 
clone, as reported by Ferguson and Coolidge (1932) is 2n = 14. This number 
was found in each of several examinations made at The New York Botanical 
Garden of ramets of the Kew clone and of various seedlings, and the pairing 
during meiosis was regular and complete for the seven pairs of homologs. 
Kostoff and associates (1935) report that plants grown from seeds supplied 
by the writer, and obtained by premature selfing of the Kew clone, had a 
somatic number of 14 chromosomes. This report also states that the plants 
grown at New York were from “ seeds originally obtained from Wellesley 
College (M. Ferguson) ” but this is not correct, for only cuttings of the Kew 
clone were received by the writer from Professor Ferguson. 

Self-Incompatibility of the Kew Clone. (1) Reports by Ferguson and 
Ottley (1932) for this clone include the following statements and data: 
‘Many attempts were made to secure seeds by artificially selfing the flowers 
of Petunia violacea. As a result of numerous selfings but three capsules with 
viable seeds were formed.” In one capsule 88 seeds were obtained and seed- 
lings were grown which at the age of flowering were reported as “not dis- 
tinguishable from the young cuttings of our original stock.” But in their 
studies several capsules were observed on ramets of the Kew clone which 
were grown both in the open and in a greenhouse under conditions that sug- 
gested autonomous self-fertilization. But it was noted that “for several 
months during the winter and spring, when the plants of P. violacea were 
surrounded on all sides by other species and cultivated strains of Petunia not 
a single capsule set on them as a result of either natural crossing or of 
selfing.” 
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(2) Mather (1944) reports that the ramets which he grew of the clone 
obtained at Kew and the 43 seedlings which he obtained from premature 
pollinations were all self-incompatible. His report on “ P. violacea”’ which 
evidently refers only to the ramets of the Kew clone of P. integrtfolia and its 
seedlings is as follows: “ Here self-pollination is rarely followed by the pro- 
duction of seeds. A small quantity of seeds has been obtained in this way 
from a few flowers, but these cases may be attributed to a low degree of 
pseudo-compatibility, the plants being, in the broad sense, incompatible. Bud 
pollinations did not appear to lead to any greater pseudo-compatibility than 
the pollination of open flowers.” 

(3) The data obtained at The New York Botanical Garden may be sum- 
marized as follows: Very complete autonomous self-pollination naturally 
occurs in the flowers of the Kew clone. The two longest stamens stand with 
their anthers directly and slightly above the stigma in a position that provides 
for normal pollination. The stigmas show secretion somewhat before the 
shedding of pollen. Few flowers can escape abundant self-pollination even 
without the aid of insects. 

During 1934-1943 inclusive, not one capsule was obtained of numerous 
normal self- and close-pollinations of flowers of the ramets of the Kew clone. 
Also not one capsule developed to any open pollination. But during 1943 
capsules which contained seeds were observed on some of the ramets, and 
from cuttings of these a subclone was obtained, all of whose flowers were 
self-fertile (figure 16) while certain other pedigreed cuttings of the self-in- 
compatible Kew clone continued to be self-incompatible. 

The Potential Fertility of Pollen. The pollen of the Kew clone was very 
uniform in appearance and highly viable. As shown in figure 49 D the tri- 
colpate or trilete pollen grains of the Kew clone were very uniform and 
relatively few were aborted, undersized or empty. In cultures on a medium 
of 1 gram agar and 15 grams of sugar in 100 cc. water a high percentage of 
all grains germinated and produced pollen tubes (figure 49 E). 

Studies of Pollen-Tube Behavior. Pollen-tube growth was studied during 
1940 both (a) for the self-incompatibility of normal pollinations and (b) for 
the fertility of premature pollinations. The normal pollinations were made 
when previously emasculated flowers were fully open and there was abundant 
secretion on the stigma. Premature pollinations were made approximately 20 
to 24 hours before anthesis when there was no secretion on stigmas. It was 
not possible to make all these pollinations on the same day or at the same 
hour of the day. In the premature pollinations it was somewhat difficult to 
select buds of exactly the same age. The pistils were collected at intervals 


Explanation of figures 12-14 


Fic. 12. Seedlings of Petunia imtegrifolia Kew clone, showing normal foliage and 
different habits of growth. Fic. 13. Seedlings of the Kew clone with abnormal foliage. 
Fic. 14. (A) Normal flower and (B) normal stamens and pistil of Kew clone. Others 
are abnormal flowers of seedlings that also had abnormal foliage. 
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after pollination and were placed in 70 per cent alcohol to which 12 per cent 
formalin had been added. They were held in this solution until the dissections 
were made. The material was easier to dissect and was stained more readily 
when only a short time intervened between fixations and dissection. The 
styles were first dissected on a clean glass slide and then stained with acid 
fuchsin as described by Chandler (1931) or lacmoid as reported by Nebel 
(1931). Pollen tubes could readily be recognized in the stylar tissue. They 
were measured and the length of the longest tubes was plotted in relation to 
the length of the stvle in which they grew. 

Of the pollen-tube growth after normal controlled hand-pollination the 
following behavior was noted. At the end of 6 hours the longest tubes had 
grown about % of the length of the style. After 24 hours the longest tubes 
were about '% of the distance to the ovary, and at 36 hours a few tubes were 
about 34 of the distance to the ovary. In one pistil, collected 48 hours after 
pollination, 32 tubes were observed in the upper part of the ovary chamber 
but none was seen at or in a micropyle of any ovule. The hundreds of tubes 
that entered a single style were distributed at various levels but the majority 
were in the apical half of the style. There was no definite bimodal distribution. 
A considerable amount of coiling and twisting of the tubes at their tips, and 
what appeared to be aimless wandering of some of the tubes through the 
style were all observed in preparations of pistils after normal self-pollinations 
were made. 

Pollen-tube behavior in premature close-pollination was as follows: When 
flowers of the Kew clone of Petunia integrifolia were emasculated and the 
pistils were prematurely close-pollinated, a few tubes were observed in the 
ovary cavity only 30 hours after pollination. At the end of 36 hours many 
tubes were in the cavity and some were entering the micropyles of the ovules 
in the upper portion of the ovary cavity. In each preparation numerous un- 
germinated grains were observed on the stigma and there were ends of tubes 
at various distances throughout the stvle. Thus the more advanced pollen 
tubes of premature pollinations reached the ovary in 30 hours, which was 
when the pistils had developed to full size and anthesis was beginning, and 
there was the production of some seeds. After normal pollination the most 
advanced tubes were 47 hours in reaching the ovary and seeds were not 
obtained. 

The Capsules and Seeds of Premature Pollination. The ramets of the 
Kew clone yielded some capsules and viable seeds to premature close- 
pollination. During 1934 such seeds were obtained, some of which were sent 
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Explanation of figures 15 and 16 


Fic. 15. A and D, two seedlings with abnormal foliage and flowers and many 
flowers that were reduced to small green buds. At B and C, seedlings with normal 
foliage and flowers. Fic. 16. Showing capsules of the self-fertile Kew subclone, 
obtained by autonomous self-pollination. Each flower was terminal for a section of 
the false axis of the bostryx which appears to be a continuous stem. 
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to Dr. D. Kostoff in Bulgaria. During each of the years since 1934 seeds 
have also been obtained. As an example of the results the following data 
may be given. Of 24 premature pollinations made over a period of three 
weeks only four failed completely. The number of well-formed seeds in the 
ten best capsules were 111, 75, 55, 51, 41, 41, 39, 31, 30, and 17. In the other 
14 capsules the seeds per capsule ranged from 2 to 11. During the same 
period and on the same branches not one of the 23 flowers which were 
normally selfed produced a capsule. It seems certain that there was a reduced 
or partial seed production in the relations of premature selfing and that the 
seeds which were thus obtained usually did not represent the total number 
of functional ovules in the mature ovaries. 

Progenies of Premature Selfing of the Kew Clone. Series 119. A total 
of 100 seeds obtained by prematurely selfing were planted in soil in a seed 
pan. Only 19 seedlings appeared above ground. Five were weak in growth 
and had abnormal leaves; four of these died early and the one that lived to 
flowering age also had abnormal flowers and was discarded. 

The 14 seedlings that had normal flowers and leaves were vigorous in 
growth. The flowers of nine were colored like the flowers of the Kew clone 
but five had flowers of rose-pink coloring. The 14 seedlings were tested by 
normal selfing and all were fully self-incompatible. All possible cross-relations 
were tested by emasculations and controlled pollinations. The 11 members of 
one group were intra-cross-incompatible and also cross-incompatible re- 
ciprocally with the Kew clone. On the assumption that there was the simpler 
personate type of incompatibility, as in P. axillaris, the genotype of the Kew 
clone and of these 11 seedlings was assigned as S a.b. The three plants of the 
other intra-incompatible group were fertile as seed parents with the Kew 
clone and with the eleven sisters of the genctvpe S a.b; but they were cross- 
incompatible with them as pollen parents. Thus the genotype for these was 
either S a.a or S 0.b. The plants of series 119 became badly infected with 
mosaic and hence were all discarded. 

Series 165. The 74 seeds in a capsule of the premature pollination of a 
flower of the Kew clone were planted in soil in October, 1943. All these seeds 
were almost spherical, unshrunken, and very uniform in size and color. But 
only 16 seedlings appeared above ground. Two of these died while very 
small; another that had abnormal leaves died later. Four plants which had 
abnormal foliage were carefully tended and these grew to flowering age as 
did the nine that had normal foliage. 

The foliage and flowers of the abnormal plants were most conspicuously 
different from the normal. The leaves were more slender and often contorted 
with margins inrolled and tips upturned (figure 13). The veining was re- 
duced to a midrib and a single vein parallel and rather close to each margin 
of the blade. The flowers were also abnormal. The corolla (figure 14) was 
often split into segments with some or all segments poorly developed or 
absent. Often some or even all of the stamens and also the pistils of such 
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Fic. 17. This figure indicates the character and the reactions of a progeny obtained 
by the premature selfing of the Kew clone. The unilateral reactions of hybridization 
are indicated by the symbols H and O. Fic. 18. This figure is a tabulation of all 
seedling progenies of the Kew clone and the Kew subclone. 
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flowers were malformed, aborted, and sterile. There was much variation in the 
extent and degree of the abnormalities among different flowers of a plant and 
also for different plants. In the extreme cases the flowers af a branch were 
reduced to a small cluster of entirely sterile green rudiments and in a few 
plants almost all the flowers were of this condition (figure 15). When pistils 
were formed they were most often asymmetric in form, twisted, lacking in 
secretion, and either functionally sterile or low in potential fertility. 

The tests (figure 17) revealed that all of the plants were self-incompatible. 
The nine plants which had normal foliage and flowers were reciprocally 
cross-incompatible with the Kew clone and hence were judged to be S a.b. 
Two of these had flowers of rose-pink coloring; seven had flowers of coloring 
like that of the Kew clone, which has been described by Ferguson and Ottley 
(1932) as “ between mallow purple and tyrian pink with a deeper purple 
along the midveins.”’ The segregated rose-pink coloring was very distinct 
from, and much paler than, the coloring of the flowers of the Kew clone. 

The four abnormal plants that were tested, using the best of their flowers, 
were cross-incompatible as pollen parents with the Kew clone and with their 
S a.b sisters but as seed parents they were all cross-fertile. These reactions 
indicated that all four were homozygous for an S factor. But in their cross- 
relations there were two genotypes: three that were reciprocally cross-in- 
compatible were classed as § a.a; the other seedling was reciprocally cross- 
fertile with all three of the homozygous sisters and was obviously S 6.5. Only 
one abnormal plant had rose-pink flowers. There were also noticeable dif- 
ferences in habits of growth (figure 12) which were similar to those already 
noted for P. parodiu (figure 2) and P. axillaris. A few seedlings had only 
axial growth but most seedlings were well branched (figure 15). 

Thus in this one progeny of 13 plants there were segregations (a) of the 
three genotypes, S a.a, S a.b, and S b.b, (b) of two classes of flower coloring, 
(c) of abnormal and normal types of foliage, and (d) of different habits of 
growth. In this progeny all members that had abnormal foliage and flowers 
were homozygous for an S factor. Seedlings were propagated of each of the 
three different genotypes for S factors including some that had rose-pink 
flower coloring and some that had abnormal foliage. 

Tests by premature close-pollination were made of all nine plants that had 
normal flowers and from one to seven capsules per plant were obtained. The 
number of apparently fully developed seeds in eleven of the best capsules 
ranged from 17 to 114 with an average of 67 +. 

The Second Generation. Series 211: figure 18. A progeny of 16 
plants was grown from the seeds of a premature selfing of a plant of S a.0 
(165-1) that had normal flowers of rose-pink coloring. All 16 had normal 
foliage and rose-pink flowers. One plant had anthers that were aborted and 
contained almost no pollen and the grains that were present were shrivelled 
and evidently not functional, but the pistils produced good capsules with 
seeds to pollen of S a.b and S b.b and hence the constitution was § a.a. This 
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was the only case of male sterility that was observed in any seedlings of P. 
integrifolia that had normal flowers. The other 15 plants were self-incom- 
patible. Eleven were S a.b; two were S a.a, and three were S 0b.b as de- 
termined by tests with plants of series 165 and with the Kew clone. Thus 
there was segregation for the S factors, but all of the progeny had rose-pink 
flowers and normal foliage and flowers. 

Series 212: figure 18. A progeny of 10 seedlings was obtained from 
seeds of a premature selfing of a plant of S a.b (165-2) that had normal 
foliage and flowers of the coloring like that of the Kew clone. One seedling 
died before true leaves appeared. All nine that flowered were self-incom- 
patible; five were S a.b; four were S a.a. Seven had normal foliage and 
flowers; two had abnormal foliage and both were S a.a. Five had the Kew 
clone flower coloring ; four had rose-pink coloring, and of these two had ab- 
normal foliage. Thus in this progeny there were independent segregations for 
character of foliage and for flower coloring. 

Series 213. The eleven members of this progeny were from premature 
selfing of a plant of S a.b (165-3) which had normal foliage and flowers of 
the Kew clone coloring. All had flowers with the coloring of the Kew clone. 
Seven were S a.b; one was S a.a, and three were S b.b. Nine had normal 
foliage, and of the two which had abnormal foliage one was S a.a and one 
was S b.b. Thus the parent plant was homozygous for the flower coloring of 
the Kew clone. 

Series 244. This progeny was obtained from the fertile cross 165-6 
(S a.a, abnormal, Kew clone coloring) x 165—5 (S b.b, abnormal, rose-pink ). 
Thirty-six seeds were planted and thirty seedlings appeared above the soil. 
Seven were weak and four of these died before true leaves were formed, and 
the other three had only axial growth and died early, but their foliage was 
normal. Twenty-three plants were grown to flowering age. All had normal 
foliage and flowers, and the flowers had Kew clone coloring. All were self- 
incompatible to normal pollinations. Numerous tests of the cross-relations 
were made, all of which indicated that all members of this progeny were S a.b 
In reciprocal tests with ramets of the Kew clone and with seedlings known 
to be S a.b there was complete incompatibility indicating that none was 
homozygous. Eleven plants were tested with the homozygous parents as seed 
parents, and in evey case there was fertility indicating that the relation was 
homozygous x heterozygous. 

Each of the parents of this series had abnormal foliage and was homo- 
zygous for one of the S factors. One was S a.a and one was S b.b. All of the 
progeny had normal foliage and flowers, and were S a.b. These facts suggest 
that there were at least two factors for the abnormal condition, that these 
factors were allelic to a factor for the normal, and that the abnormal char- 
acter appeared only when a plant was homozygous for one of these factors, 
as: Ab, Ab,, and Ab, Ab,. The data also suggest that there was a linkage of 
these factors with the S factors. Plants that were homozygous for S factors 
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were most likely to have abnormal foliage. On this basis the S a.b plants 
which had abnormal foliage and the S$ a.a and S b.b plants which had normal 
foliage resulted from cross-overs. 

It may be noted that the factors which determined abnormal flowers and 
leaves were distinct from S factors and that they were probably semi-lethal 
or even lethal in action. 

The data on flower coloring indicate that the rose-pink coloring was due 
to a recessive factor and that the Kew clone was heterozygous for allelic 
factors for color, and that some of the seedlings of the Kew clone were 
homozygous for one or the other of these factors. 

The Kew Subclone. Origin and Character. At least ten ramets of the 
Kew clone were kept from year to year and these were propagated under one 
number. During the spring of 1944 it was observed, for the first time, that 
capsules were developing on certain of the ramets of the Kew clone to auton- 
omous self-pollination. It was noted that some of the ramets did not have 
capsules while others had them rather frequently, especially on certain 
branches. Each ramet was then given an individual number and pedigreed 
cuttings were made (a) of ramets and of branches which had capsules and 
(b) of those which had no capsules. 

It soon became evident that a new subclone had been obtained which pro- 
duced capsules abundantly to an autonomous selfing (figure 16) and that 
other ramet propagations of the original Kew clone continued to be self-in- 
compatible to normal self- and close-pollinations. 

The Kew subclone was identical with the Kew clone in every particular 
except that capsules were formed by almost every flower. There appeared 
to be no change in the degree of protogeny seen in the flowers of the Kew 
clone. Secretion occurred on the stigmas early in anthesis before the anthers 
dehisced, hence there appeared to be no change or delay in the formation 
of the secretion that could effect premature pollinations. Capsules were pro- 
duced when plants were enclosed in wire-screen cages and left to self- 
pollination. No capsules were obtained when the flowers were emasculated as 
soon as they opened. Capsule and seed production began when the first 
flowers were formed in March and continued until the end of flowering in 
late autumn. There was no difference in this behavior according to age of a 
ramet or to the time of the year. 

The Reactions of Cross-Relations. The pollen of the Kew subcione was 
incompatible in all normal pollinations of flowers of the Kew clone and of all 
seedlings of S.a.b constitutions, but was cross-fertile on pistils of seedlings 
of either S a.a or S b.b constitution. As seed parents the ramets of the Kew 
subclone were fertile with pollen of the Kew clone and with any seedlings 
of either S a.b, S a.a, or S b.b constitution. 

Thus the pollen tubes of the self-fertile Kew subclone continued to possess 
the incompatibility reactions of normal factors S a and S b in all relations 
except on and in its own pistils. Also the pistils of the Kew subclone allowed 
fertility not only to pollen of the same flowers but also to any pollen of the 
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Kew clone or of the seedlings of S a.b, S a.a, and S b.b constitution as shown 
by the reactions with members of series 165 (figure 17). Hence the pistils 
alone had changed in respect to their reaction with S a and S 0 pollen-tubes. 
Progenies were grown and studied to determine if this condition was trans- 
mitted to the offspring. 

The Potential Fertility of the Kew Subclone. Forty capsules of self- 
pollinations were evaluated. Eight of these were of autonomous self- 
pollinations and thirty-two were of controlled hand-pollinations in which an 
abundance of pollen was applied from freshly dehisced anthers. Of forty-four 
such pollinations only four failed to develop capsules. The seeds in the eight 
that were selfed autonomously ranged from 30 to 76; those in the hand- 
pollinated capsules ranged from 3 to 67 per capsule. The average number of 
seeds for all capsules was 38+. In all cases nearly every one of the seeds was 
well-formed and they were very uniform in appearance and nearly spherical. 
There was no class of shrivelled seeds or of partly developed seeds. 

Capsules and seeds obtained of cross-relations were also studied. The 
numerous tests made during 1944, 1945, and 1946 indicated conclusively that 
the self-fertile ramets of the Kew subclone also produced capsules and seeds 
to controlled pollinations with pollen of the Kew clone and of any seedling of 
either S a.b, S a.a, or S b.b constitution. Seventeeen such capsules were 
evaluated. The number of seeds per capsule ranged from 6 to 97 with an 
average of 23. With the exception of three seeds that were collapsed, all of 
these seeds were well-formed and normal in appearance. In the capsule that 
had 97 seeds there were about 25 ovule scales. 

A First Generation of Selfed Progeny. <A total of eighty-two seedlings 
were obtained of seeds of normal self-pollination of the Kew subclone. Fifteen 
died when young and of these ten had abnormal foliage. The sixty-seven that 
flowered were self-incompatible and none produced any capsules to auton- 
omous selfing as did all ramets of the Kew subclone. All were sufficiently 
tested to determine their genotypic constitutions as summarized in figure 18. 
Fiftly-three were S a.b, eleven were S a.a, and three were S b.b. There were 
segregations for normal (49) and abnormal foliage (18), and also for Kew 
coloring (46) and rose-pink coloring (21). 

A Second Generation Progeny of S a.a x S b.b. The seed parent had 
abnormal foliage and flowers of rose color; the pollen parent had normal 
foliage and flowers of Kew coloring. Only seven seedlings were grown; all 
were self-incompatible and S a.b in constitution. Six had normal and one had 
abnormal foliage. Five had flowers of Kew coloring; two had rose-pink 
flowers. 

Evaluation of the Kew Subclone. Each seedling plant of the progeny 
was self-incompatible. Thus the condition in the pistils which allowed self- 
fertility of the Kew subclone and also cross-fertility with the pollen of the 
Kew clone or of any § a.b, S a.a, or S b.b seedling was not transmitted to any 
of the progeny that was grown. 

The evidence indicates that the condition responsible for the self-fertility 
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of the Kew subclone was confined to the pistils for the egg cells in the ovules 
carried the § factors which operated effectively in the progeny in both the 
haploid pollen and in the diploid tissues of their pistils. Thus the somatic 
mutation which effected the self-fertility of the Kew subclone was like that in 
the one self-fertile plant of diploid P. axillaris except that there was loss or 
inhibition of the incompatibility reaction with both classes of pollen (S a and 
S b) instead of with only one class (S J and not S 3). 

The segregations (a) of the three different genotypes for S factors, (b) 
of the normal and abnormal types of foliage and flowers, and (c) of the two 
classes of flower coloring were quite as in the progeny of the Kew clone. 
This was additional evidence that the self-fertility of the Kew subclone in- 
volved true fertilizations. 

Data Obtained by Mather for a “ Selfed” Progeny of the Kew Clone. 
Mather (1944) has reported on a progeny of 43 plants obtained by selfing 
ramets of the Kew clone of P. tntegrifolia (called “ P. violacea”). All were 
self-incompatible and the reactions with parental clone indicated that 25 
were of the same heterozygous class as the Kew clone (S 1.2 in Mather’s 
terminology), 15 were of one homozygous group (Mather’s S$ 2.2), and one 
was of another homozygous group (S J/.1). Mather made no mention of 
segregates which had abnormal flowers and foliage or that had rose-pink 
flowers. He noted that the deficiency of one class of homozygotes may involve 
either selective death of zygotes or a difference in the strength of the S 
factors. 

Summary and Evaluations. 7 ype of Jncompatibility. The reactions of 
the seedling progenies indicate that the Kew clone of Petunia integrifolia had 
only two of an allelic series of oppositional factors, here designated as S a and 
S b, which effected the incompatibility reactions. The self-inhibiting actions 
of these two factors in the diplont-haplont reactions were complete and ef- 
fective in all relations of normal pollinations except in the pistils of the Kew 
subclone. 

No seedling of S a.b set seed to normal self-pollination. The relations of 
S ab x § a.b, S a.a, and S b.b were incompatible. The relations of S a.a and 
S b.b x S a.b were fertile but involved hidden incompatibility for the pollen 
tubes which carried the common factor. In the relations between the two dif- 
ferent homozygous genotypes there was inactivation of the S factors and the 
expression of the inherent intraspecific fertility that is the basis of all re- 
production of the species. 

The Self-Fertility of the Kew Subclone. This involved a somatic change 
in the reactions of the diploid pistils which allowed the pollen of both S a 
and S b to function not only in selfing but in cross-relations with the pollen 
of any plant of S a.b, S a.a, or S b.b. But this condition was not transmitted 
to any of the seedlings that were obtained. Also the pollen of the Kew sub- 
clone continued to have incompatibility reactions on the pistils of the Kew 
clone or of any S a.b seedling. 
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The progenies obtained from the selfed seed of the Kew subclone were 
self-incompatible and they gave the same segregations that were obtained in 
the progenies of the premature selfing of the Kew clone. 

The character of the somatic mutation to self-fertility was like that of the 
one self-fertile plant of Petunia avillaris except that in the Kew subclone 
both of its classes of pollen tubes functioned while in the plant of P. axillaris 
only one pollen class functioned. 

Premature Fertilization. In the premature selfing of the Kew clone and 
of seedlings of S a.b there was a functioning of both S a and S b pollen tubes. 

Semi-Lethal Factors. The abnormal type of foliage and flowers was 
determined by two genetic factors, Ab; and Abe, which effected the abnormal 
character when either was homozygous. Plants with abnormal foliage were 
often weak in growth and frequently they died when they were young 
seedlings. Thus it appears that the excess of S a.b normal plants over ab- 
normal homozygous plants in the survivals of the progenies did not necessarily 
involve selective action of pollen-tubes. The abnormal character of the 
flowers involved much abortion and sterilization of stamens and pistils and 
greatly reduced potential fertility. 

Potential Fertility. The fundamental or basic fertility in the intraspecific 
reproduction of the species P. integrifolia may be judged by the production 
of capsules and seeds by normal plants in such fertile relations as homozygous 
x heterozygous and the reciprocals of S a.a with S b.b. In such relations 
good capsules and seeds were obtained. The capsules were always much 
smaller than those of either P. parodi or P. axillaris. For the 25 typical cap- 
sules that were evaluated the number of well-formed seeds ranged from 60 to 
192. The average per capsule for S$ a.a x S$ a.b was 111; for S b.b x S ab 
it was 107; for SaaxSb.b it was 131; and for Sb.bxSaa it was 
116. The average for all capsules evaluated was 124. Thus the basic poten- 
tial fertility of these plants of P. integrifolia, in terms of number of seeds per 
capsule, was much less than that of the other two species that were studied. 
The seeds of P. integrifolia were somewhat larger and more spherical and evi- 
dently the seeds were more widely spaced on the surface of the placenta. 

The Status of the Population That Was Obtained. The total population 
of the progenies derived from the Kew clone and the Kew subclone comprised 
only the genotypes S a.a, S a.b, and S 6.b. These did not comprise a natu- 
ral sustaining population. The progeny of any normal fertile cross-relation 
was composed of S a.b plants which were self- and cross-incompatible. The 
addition of one more factor, as S c, would provide three heterozygous geno- 
types (S a.b, S a.c, and S b.c) which could establish successive genera- 
tions of seed-grown progenies. There are probably numerous S$ factors in 
the constitution of the wild populations of this species in its natural distribu- 
tion in South America. 

Taxonomic Status of the Kew Clone. The Kew clone appears to be typi- 
cal of the species Petunia integrifolia in all its characters, habits of growth, 
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and specific features of foliage, flowers, capsules, and seeds. It is, however, 
heterozygous for flower coloring. The rose-pink coloring was obtained in S$ 
a.b, S a.a, and § b.b genotypes, and by selection this type may be had in 
lines that breed true. Possibly this type may exist in the wild population of 
this species. 

The abnormal type of foliage and flowers is also a condition that is repre- 
sented in the genetic constitution of the Kew clone. 

The writer has attempted, with no success, to obtain seeds of P. integri- 
folia from wild plants in South America. Hence these studies of this species 
were limited to the Kew clone, to the Kew subclone, and to the seedling prog- 
enies derived from them. Whether these are, or are not, representative and 
typical of the wild population of this species cannot be stated. 


CHAPTER 5. THE INTERSPECIFIC RELATIONS OF Petunia axillaris, 


P. parodit AND P. integrtfolia 


The Hybridization Reactions between Diploid P. axillaris and Diploid 
P. parodii. Jests with 2n P. axillaris as the Female Member. During 1941 
nineteen plants of 2n P. axillaris, including some of all of the genotypes (fig- 
ure 4) of the parent generation grown from seeds received from Professor 
Parodi, were tested as female members in relations which involved six differ- 
ent plants of P. parodiu. In every relation ovaries did not start to develop. 
The same result was obtained in numerous tests during the next four years 
using plants of the successive generations of P. parodi and plants of various 
genotypes obtained of P. axillaris. 

During 1946 and 1947 numerous tests were made of emasculated flowers 
of caged plants of some of all the later series of 2n P. axillaris including 
members of the genotypes S 1.1, S 3.3, S 1.2, S 1.3, S 2.3. Twenty-five differ- 
ent plants of P. parodu were involved as pollen members. There was complete 
failure for every relation. ‘The ovaries did not even start to enlarge. 

Data for P. parodiui as the Female Member: figures 3 and 4. All the tests 
with the parent generations grown from seeds obtained from Argentina indi- 
cated that plants of P. parodi would produce capsules and seeds to pollen of 
P. axillaris. In 1944, special tests by controlled pollinations were made using 
12 plants of P. parodi as female members and plants of P. axillaris as pollen 
members. The latter included genotypes S 1.1, S 1.2, S 1.3, and S 2.3. It 
was necessary to emasculate about 24 hours before anthesis because the 
flowers of P. parodu were not only self-fertile but they usually shed pollen 
before the corolla opens. Every combination gave capsules and numerous 
viable seeds and failures were incidental. 

In 1946, ten different seedlings of later generations of P. parodii were 
tested as seed parents in hybridization pollinations with pollen of twenty- 
three different 2n plants of P. axillaris comprising genotypes of S 1.1, S 3.3, 
S 1.2, § 1.3, and S 2.3. In every relation fine capsules with viable seeds were 
obtained. 
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Eighteen of the capsules were evaluated; four of S 1.1 pollen parentage, 
six of S 1.2, six of S 1.3 and two of S 2.3. The number of apparently normal 
and fully formed seeds per capsule ranged from 291 to 1506, with an average 
of 931. In size and shape the capsules were typical of those obtained by the 
intraspecific reproduction of P. parodu. In size, form, color and appearance 
these seeds were typically P. parodu. Of the total of 16,770 seeds that were 
examined only & seeds were shrivelled and somewhat collapsed. There were 
few scale ovules of both the a and b classes; the b class was most frequent; 
the number of such scales in capsules that had highest number of seeds was 
as low as 10, but they were more numerous when the number of seeds was 
relatively low. It is to be noted that there were no intermediates in seed-size 
between the class of D scale ovules and the large well-formed seeds. 

There was excellent germination of seeds in each of the four plantings that 
were made to obtain F, progenies. The potential fertility of plants of P. 
parodi was relatively greater than that of P. axillaris in respect to the number 
of seeds per capsule. The relative fertility of the unilateral hybridization, in 
which P. parodu was the female, was almost if not equal to that of the intra- 
specific fertility. If the latter is rated at 100 the hybridization fertility was at 
least 90. In the relation PP 9 x A ¢ there was a high degree of fertility 
but in the reciprocal relation of AA @ x P 6 there was complete sterility 
(figure 19). 

The Interspecific Relations of Petunia axillaris and P. integrifolia. 
Early Data. In his reports of hybridization between these two species of 
Petumia, Herbert (1837) stated that seeds were obtained when plants of P. 
axillaris (his P. nyctaginiflora) were the seed parents. Later, in 1849, Gart- 
ner reported that the reciprocal relations of hybridization between what he 
considered to be these same two species exhibited one-way hybridization, but 
he also reported progeny of each of the two reciprocal relations. The first 
generation hybrids which Naudin (1865) reported under the name “P. vto- 
laceo-nyctaginiflora”’ had “‘P. violacea’” for the pollen parent. In considering 
the reports of so-called hybrids of these species by Correns (1912), Lotsy 
(1914), Tjebbes (1932), and others, it is certain that some, if not all, of 
their stocks were of garden cultivation and more or less heterogeneous for 
hybridity. Especially may this be the case when Tjebbes reported that ten 
out of eighteen hybridization pollinations of what he considered to be P. tn- 
tegrifolia x P. axillaris were successful in producing capsules and seeds. Of 
the various references in the literature, of which the citations above are only 
a few, possibly the data presented by Herbert are most reliable for plants that 
were definitely of the species P. axillaris and P. integrifolia. It is also certain 
that some of the most important of the recent experimental and cytological 
studies have applied the name Petunia axillaris to white-flowered segregates 
among cultivated hybrids and that others have used the name P. a-illaris for 
the type that is P. parodit. 

Data Obtained at The New York Botanical Garden. The data on the re- 
actions of P. integrifolia Kew clone x 2n P. axillaris may be summarized as 
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follows: The twenty-two plants of P. axillaris which were grown from seed 
received from Argentina were all fully tested during 1941 with ramets of the 
Kew clone in both of the reciprocal relations. When the Kew clone was the 
seed parent capsules did not even start to develop. In these tests the pollen 
members included eleven different genotypes in the constitution of the S fac- 
tors (figure 4). Numerous tests were made during each year since 1941 and 
these included plants of P. axillaris of the genotypes S 1.1, S 1.2, S 1.3, S 2.3, 
and S 3.3. In every case there was no development of capsules when the Kew 
clone was the female. Studies of pollen-tube growth were made for the nor- 
mal pollinations of Kew clone x S 1.3. Considerable pollen germinated on 
the stigma and numerous pollen-tubes extended into the styles but no tubes 
were found, even after 72 hours, at a point more than 34 of the distance to the 
ovary. 

The relation of P. axillaris x P. integrifolia Kew clone gave capsules which 
contained some viable seeds. Each one of the twenty-two plants grown from 
wild seed, which included 11 different genotypes, produced such capsules. ‘The 
same results were also obtained with plants of S 1.1, S 1.2, S 1.3, S 2.3, and 
S 3.3. Capsules were not, 1owever, obtained to every pollination, but when 
several pollinations were made on any one plant some of them resulted in 
capsules. 

Pollen-tube growth was studied for the relation AA: S$ 1.3 x Kew clone. 
The growth of the tubes was relatively slow but at the end of the third day 
after normal pollinations there were some tubes within the chamber of the 
ovary. It is to be noted that this one-way hybridization involved special ac- 
tivity on the part of the pollen-tubes of P. integrifolia. They grew the entire 
length of the styles of P. axillaris, which were approximately four times the 
length of the pistils of P. integrifolia, and accomplished fertilizations. In the 
reciprocal relation the pollen-tubes of P. axillaris had a relatively short dis- 
tance to travel yet they not only did not effect fertilizations but they failed 
to stimulate the development of capsules. 

The Degree of the Fertility of the One-Way Hybridisation. Nine repre- 
sentative capsules of 2n P. axillaris x P. integrifolia Kew clone were evalu- 
ated. The numbers of well-developed seeds per capsule were 88, 112, 144, 
151, 226, 310, 315, 343, and 436. The seeds were typical of the normal seeds 
of 2n P. axillaris produced by normal cross-fertile intra-specific relations. It 
was obvious and definite that in respect to the number of seeds obtained the 
fertility of this one-way hybridization was always much less than that of the 
potential fertility of the ovules of P. axillaris as this was expressed in intra- 
specific reproduction. Along with the seeds, and especially when the number 
of seeds was less than 300, there were what may be called scale ovules. These 
developed from ovules that had enlarged somewhat but which were very much 
smaller than any seeds and also entirely empty at the time the normal sister 
seeds were developing. There were two classes of these scale ovules (figure 
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41). Those which will be referred to as class “‘a’’ scales were almost transpar- 
ent and those of the “hb” class were somewhat larger, brownish in color, and 
the surface was reticulated but the ridges were low in comparison with those 
of well-formed seeds. In the ripe capsules of AA @ @ x Kew clone 6 ¢ the 
greater number of these scale ovules represented ovules which were able to 
function in intraspecific fertility. Hence the fertility of the unilateral hybrid- 
ization had a relatively low value both in the number of pollinations that failed 
and in the reductions in the number of seed in a capsule. 

The Interspecific Relations of P. parodii and P. integrifolia. Js/e Data 
Reported by Mather. It is certain that the plants which Mather (1944) 
called P. axillaris were typical of P. parodi and hence his references will here 
be applied to this species. He states that hybrids between his plants and the 
Kew clone of P. integrifolia (his P. violacea) were obtained only when the 
latter was the pollen parent. He reports, however, that in 1939 the use of 
such pollen failed on 101 flowers of P. parodii in the greenhouse but that of 
“about twenty similar crosses made under a muslin cage in the open three 
gave good capsules of hybrid seed.” Later in 1940 three capsules were ob- 
tained of 35 flowers pollinated in a greenhouse. It was concluded that the 


** 


frequency of successful pollinations in this hybridizing relation ‘* depends on 
external conditions,” but that of the tests which were made many flowers 
failed and few were successful. No report was made concerning the number 
of seeds per capsule in the successful pollinations. 

The Results Obtained at The New York Botanical Garden. Eighteen 
seedlings of the parent generation (figure 4) of P. parodu were tested as pol- 
len parents with the Kew clone. At least several seedlings of each of the gen- 
erations of P. parodu that were grown since then were aise tested as pollen 
parents on ramets of the Kew clone and the Kew subclone and on seedlings 
of S$ a.b, S a.a, and S$ b.b constitution. No capsule of any size was ob- 
tained. The specificity barrier to hybridization in this direction was complete. 

For the relation of P. parodi x P. integrifolia, fourteen of the parent gen- 
eration of P. parodu were tested in fully controlled pollinations with pollen 
of the Kew clone and at least some of each later generation were tested re- 
ciprocally with the Kew clone, the Kew subclone, and seedlings that were 
S a.b, S a.a, and S b.b. These tests were all made of plants grown in a green- 
house. The tests were made at various dates throughout the entire periods of 
bloom and for young seedlings as well as for propagations one or more years 
old. Capsules with some seeds were obtained in each relation. It was neces- 
sary to emasculate the highly self-fertile flowers of P. parodi when they were 
in the bud, and this may have somewhat reduced the normal development of 
capsules. There were some complete failures, but when several pollinations 
were made on the pistils of any plant there were always some capsules. The 
highest number of seeds observed in any capsule was 173, but most capsules 
had less than 50 seeds. As a rule the seeds were well-formed and many were 
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viable. There were numerous scale ovules of both a and b classes. The fertility 
of this one-way hybridization was much less than the normal potential fer- 
tility. 

The Relative Values of Interspecific Reproduction (figure 19). The com- 
parative values of the potential fertility of the three species, based on maxi- 
mum seed production, may be fairly well represented as 100 for P. parodu, 60 
for P. axillaris and 20 for P. integrifolia (see figure 19). 

The resultants of the unilateral hybridizations admit of the following com- 
parisons. The highest degree of interspecific fertility was for PP 992 x A 
é ¢. This relation involved closest resemblance, least zygomorphism, larg- 
est flowers and ovaries in both parental species, and greatest potential fertil- 
ity. There was slight decrease in the number of seeds obtained in comparison 
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Fic. 19. Diagram that indicates the relative values of intraspecific reproduction 
(100, 60, and 20) in the three species of Petunia and the comparable values of the 
unilateral hybridizations. 


with the potenital fertility but this may have been purely incidental to experi- 
mental methods, such as premature exposure of pistils after emasculation. If 
the potential fertility of P. parodu is rated at 100 the actual fertility of the 
PP 292 xA é@ 6 relations was at least 90. 

The lowest degree of the interspecific fertilities was that of PP 9929 x A 
é ¢. There were many failures of the pollinations which is an indication that 
the period when the physiological condition of the pistil is most favorable for 
the growth of the foreign pollen tubes is much more limited than that which 
effects intraspecific reproduction. But also the best capsules obtained were of 
smaller size and the number of normal seeds was always much less than that 
obtained in selfing the adjacent flowers. The relative value of this hybridiza- 
tion was no more than 10. This relation involved the greatest extremes in 
the size and zygomorphic characters of the flowers and in potential fertility. 
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The ovaries of P. parodi could produce as many as 1000 seeds but an average 
of no more than one in ten of the ovules functioned in the hybridization. 

The fertility of AA 9 @ x I ¢ 8 was definitely greater than that of PP 
99 xI 6 4. There were fewer failures of the pollinations. The proportion 
of the ovules that produced seeds was about one of three. Thus the relative 
or reduced fertility was evaluated at 20. In this relation, compared with PP 
99x14 4, there were less contrasts in size of flowers, potential fertility, 
and degree of zygomorphism. 

The Appraisal of the Unilateral Relations and Reactions. JBasic Con- 
siderations. The three important features of the hybridization resultants are: 
(1) that there are unilateral reactions, one of sterility and one of fertility, for 
the reciprocal relations between any two of the three species, (2) that the fer- 
tility of the three hybridizations differ in relative values, and (3) that P. 
parodit Q @ is fertile with both of the other species but P. integrifolia Q Q is 
sterile with pollen of the other two. 

Each of the three species has its own mechanism of intraspecific reproduc- 
tion that is highly efficient. The genetic basis of the @ ? and the ¢ ¢ com- 
plexes is in part generic and common to all species of the genus; in part multi- 
specific or common to three or more species; in part bi-specific or common to 
only two species ; and in part strictly specific. Hybridization brings these genic 
components into new associations in hybrids and the coordinations of their 
interactions operate in effecting fertility and sterility. Also two of the three 
species possess the superimposed mechanism of intraspecific incompatibilities, 
the genic factors of which can be identified. The particular genic components 
involved in a unilateral sterility are also transferred to the hybrids. The genic 
components which determine the interspecific sterility are unknown and it is 
the particular aim to apply the experimental techniques which will identify 
them in hybrids and provide an adequate analysis of their relations to the 
components which effect intraspecific incompatibilities and the more basic 
fertility. 

Ihe Locus of the Unilateral Reactions. The mechanism of reproduction 
in flowering plants that are hermaphrodite and homomorphic, as are these 
species of Petunia, involves the functions of the so-called 9 2 and ¢ ¢ or- 
gans and elements that arise by somatic differentiation. The 2 9 complex 
includes pistils, ovaries, ovules, macrospores, embryo-sacs, and egg cells. 
The ¢ ¢ complex includes stamens, pollen (microspores), pollen-tubes, and 
sperms. 

Many of the properties and characters of the pistils and stamens are adap- 
tations which influence pollination and are in no sense physiological reactions 
between pistils and stamens. The first of the direct physiological interactions 
between a 2 @ anda ¢ 4 element is effected by the secretions of the pistil 
on the germination of pollen and on the growth of pollen-tubes. 

In the complete failure of the unilateral sterilities of AA x P, II x P, and 
II x A the ovaries do not even start to enlarge. They shivel without even a 
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trace of parthenocarpic influence. It appears that the reaction occurs previ- 
ously to a union of gametes. The particular unilateral sterilities in the rela- 
tions under consideration are essentially a diplont-haplont reaction between 
pistils and pollen-tubes. Its locus is hence the same as that of the intraspecific 
incompatibilities. The reactions in question are to be distinguished from inter- 
actions between gametes, death of embryos, or abortions of seeds as these 
occur in other relations. Particularly are these initial physiological reactions 
to be evaluated in the hybrid offspring which may exhibit abortions of sta- 
mens and pistils and abortions of spores, all of which effect absolute sterilities 
previously to pollination and pollen-tube growth. 

An obligatory prerequisite to the action of unilateral sterility in the Pe- 
tunias is that the flowers are bisexual and that the @ 2 and ¢ ¢ complexes 
are functional in certain other relations. 

There are, therefore, no organs or structural units which are exclusively 
involved in the various fertilities, the intraspecific sterilities, and the unilateral 
interspecific sterilities under consideration. All operate in diplont-haplont re- 
actons between the pistils and one species and the pollen-tubes of another 
species. There is obviously less relative specificity in the @ 2 and ¢ ¢ rela- 
tion that is fertile than in the reciprocal that is sterile. 

The Genic Components. In 1944, Mather proposed that there is a simple 
genic control of the interspecific fertility and sterility in the hybridization of 
P. parodii (his P. axillaris) and P. integrifolia (his P. violacea) which can 
be demonstrated in the behavior of the hybrids. He presented evidence that a 
single fertility gene of P. parodi has reactions that control both the unilateral 
reactions of hybridization with P. integrifolia. This gene is considered to be 
allelic to the true S factors of P. integrifolia. Mather called this gene “S a” 
but for present designation it will be called S p. The interpretation by Mather 
is that poilen tubes that have this gene do not grow down a style that has 
either one or both of the S a and S b factors, as P. integrifolia S a.b 2 2 x P. 
parodu S p.p & &. In the reciprocal relation, in the pistil these factors never 
inhibit the pollen tubes that possess S a or S b, as P. parodu S p.p 2 2 x P. 
integrifolia Sa.b g $. But also in the pistils of hybrids of the S p factor inacti- 
vates S a or S b to the extent that the incompatibility of syngenic relations 
does not recur. Thus the “switch action” of the S p gene is such that the self- 
fertility of the F,; member that is PI: S p.a is due to the functioning of S a 
pollen and not to S p pollen. 

At the time of Mather’s publication in 1944 the writer’s studies were under 
way and it was evident that the conception of a switch gene did not apply to 
the behavior of the hybrids of P. parodi x P. axillaris or of P. axillaris x P. 
integrifolia. In order to make the evaluating tests more definite, homozygous 
genotypes of S /.1 and S 3.3 were obtained, propagated as clones, and exten- 
sively used in testing. Reports of these studies will be made and a more com- 
plete examination of Mather’s studies will be made in the concluding remarks 
concerning unilateral reproduction in chapter 15 of this monograph. 











STOUT: REPRODUCTION IN PETUNIA 53 


CHAPTER 6. Hysrip PROGENIES OF P. parodi x P. axillaris 


The F, Generation. General Data. Four series comprising one hun- 
dred and five of these hybrids were grown of pollen parents that were S 1.2, 
§ 1.3, and S 1.1. The numbers of seeds in the four capsules were 959, 858, 
780, and 490. With few exceptions the seeds appeared to be normal. Seeds 
selected at random were planted in the numbers of 240, 278, 230, and 160 and 
the respective numbers of seedlings obtained were estimated at 200, 250, 200, 
and 150. Seedlings selected at random were grown to flowering age and tested 
in the numbers of 29, 26, 25, and 25. 

Character of the F,; figures 20 and 21. In only two of the contrasted 
characters of the flowers was there definite dominance of expression. (1) The 
stamens were of three lengths as in P. axillaris but the anthers dehisced 
shortly before anthesis as in P. parodiu. There were intermediate expressions 
of the length of stamens and pistils, of the size of anthers, of the length and 
width of the corolla tube, and of the length of pedicels and calyx lobes. (2) 
The F,; hybrids were more branched and the stems and leaves were less coarse 
than in P. axillaris but the plants lived longer than did plants of P. parodu 
and were more robust. 

Self- and Cross-Fertility. Every one of the one hundred and five members 
of the F, was self-fertile and the tests were adequate to demonstrate that any 
one was cross-fertile with any other of the entire F,; population. These result- 
ants showed that the basic mechanisms which operated in the intraspecific fer- 
tilities of the two species were coordinated in effecting fertility when combined 
in the hybrids. This condition simplified the techniques of testing for the ac- 
tion of intraspecific S factors and and for the behavior of the components 
involved in interspecific sterility. 

Potential Fertility and Seed Production. The anthers of all the F, hy- 
brids dehisced normally and pollen was abundant. Several tests for germina- 
tion of pollen were made. In every case the pollen was remarkably uniform in 
size and shape, no grains with four pores were found, and very few grains 
were shrivelled. On a medium of 1 per cent agar and 5 per cent sugar there 
was excellent germination of at least 90 per cent of the pollen grains. Thus 
the microspores as well as the ovules were highly functional and potential fer- 
tility was high. 

Every one of the 105 F, seedlings produced capsules with high numbers 
of viable seeds to controlled self-pollinations. Extensive tests by cross-pollina- 
tions showed that any cross-relation, either intra-series or inter-series, was 
also fertile. The numbers of apparently normal seeds that were counted in 
typical selfed capsules of seedlings of all genotypes in the F; progenies ranged 
from 600 to 919. When the number was 800 or more there were few scale 
ovules, which indicated that almost all of the ovules had functioned in seed 
formation. Thus the F, hybrids had a potential fertility in respect to seed pro- 
duction that was almost, if not, equal to that of plants of P. parodii. It was 
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Fic. 20. Typical flower and view of stamens and pistil: A, 2n P. axillaris; 
B, Fi hybrid; and C, P. parodti. The hybrid has stamens of three lengths, as in 
P. axillaris. Fic. 21. Typical plants: A, 2n P. axillaris: E, 2n P. parodu; B, F: 
hybrid; C, an F: plant strongly like P. parodti but more robust. D, F: very much like 


P. axillaris. 
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somewhat higher than that usually seen in plants of P. avillaris. Very few 
ovules failed to develop into viable seeds. 

Reactions of the Fy, with P. axillaris 8 $. Every F, hybrid was fertile 
as a 2 2 with pollen of P. axillaris S 1.2, S 1.3, and S 2.3. But the reactions 
with testers that were homozygous for S 1.1 and S 3.3 revealed that there 
was hidden syngenic incompatibility and the entire F, population was com- 
posed of plants that had one S factor that was still active in syngenic relations. 

The progeny of PP 2 9 x AA: S 1.3 was composed of two groups. The 
members of one group were incompatible with AA: S$ 1.1 ¢ é but fertile with 
S 3.3. They were PA: S 0.1. The members of the other group were incom- 
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7 by the reactions with testers. All hybrids were 
~ Sit [FFs F F reciprocally cross-fertile with both parental 
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patible with AA: S$ 3.3 @ 2 but fertile with § 7.1 ¢ 4, and hence they were 
PA: S 0.3. Both groups were fertile with S 7.2, S 1.3, and S 2.3. 

The twenty-nine members of one progeny and the twenty-six of another 
had a plant of AA: § 1.2 for their ¢ ¢ parent. Approximately one-half of 
the members were cross-incompatible with AA: S 1.1 but cross-fertile with S 
1.2 and hence were PA: S 0.1. There were no plants of AA: S 2.2 available 
for use as testers but it is considered that those which were cross-fertile with 
5S 1.1 were PA: S 0.2. 

The twenty-five hybrids of one progeny had AA: S§ 1.1 for the $ ¢ par- 
ent. Every one was cross-incompatible with S$ 1.1 4 4 but cross-fertile with 
> 33,8 1.2, § 1.3, and § 2.3 as 8 8. All were PA: S 0.1. 








56 MEMOIRS OF THE TORREY BOTANICAL CLUB 


The resultants of these tests demonstrated that each of the self-fertile hy- 
brids of the F; had one S factor that retained its incompatibility reaction in 
relations with P. axillaris ¢ 3. This indicates that there was also hidden in- 
compatibility in the self-fertility of any F, and in the cross-fertility of any 
two which possessed the same S factor. The analysis of F2 and back-cross 
progenies, reported later, revealed that these reactions occurred. 

The entire F,; population that was obtained included the three genotypes 
PA: S 0.1, S 0.2, and S 0.3 and their reactions were as indicated in figure 22, 
without a single exception. 

The seed production of the F, with P. axillaris $ was judged to be 
equal to that of the self-fertility of the same 92 @ plants. There were defi- 
nitely no reductions in the number of seed below that of the potential fertility. 
It should be stated that the dehiscence of anthers before anthesis made it 
necessary to emasculate for controlled pollinations earlier than in P. a-illaris 
and the early exposure of pistils rather frequently affected their ability to 
function fully in any relation. But repeated tests demonstrated that this fea- 
ture was incidental to the manipulation. 

Data on the reactions of the Fy, hybrids as pollen members with 2 @ P. 
axillaris. The tests were sufficiently extensive and definite to prove that each 
member of all four of the F, hybrid progenies was fertile as a ¢ ¢ with any 
genotype of P. axillaris 9 2. But each hybrid possessed one S factor which 
was active in its syngenic relations with P. axillaris and hence there was hid- 
den incompatibility when the ? @ of a relation had a factor that was present 
in the hybrid that was the ¢ ¢ member. The analysis of the back-cross prog- 
enies that were grown confirmed this evaluation. 

The seed production by the @ 2 P. axillaris with pollen of the hybrids 
was judged to be equal to that of intraspecific reproduction. The capsules 
were large and well-formed and the number of normal seeds in a capsule was 
as high as 791. Since the relation AA 9 2 x PP ¢ é was sterile the pollen 
of the PA hybrids may have included some grains that were so fully P. par- 
odu in character that they did not function. In other words such pollen may 
have possessed the genetic component that was involved in the AA @ @ x P 
é é unilateral sterility. But there was no immediate effect of such hidden 
one-way specific sterility on the number of seeds that were produced. 

Reactions of the F, Hybrids with P. parodu. Every one of the numerous 
members of the three genotypes of the F; hybrids of PA that were tested was 
fertile both as a 9 2 and asa ¢ ¢ with plants of P. parodiu (figure 22). 
The application of the conception of an S p factor that is allelic to S 1, S 2, 
and S$ 3 would be as follows. The hybridization relation of AA: S 1.3 9 2 x 
PP: S p.p $ 2 is sterile. The F; PA: S p.3 x PP: S p.p is fertile. Hence the 
S p pollen tubes were functioning in the pistils. Also in the selfing of the F; it 
was the S / pollen tubes that were functioning while the syngenic S 7, S 2 cr 
S 3 factors were active. It is certain that the switch gene, described by Mather 
in his stock of P. parodt, in the hybrids of P. parodiu x P. integrifolia was 
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either not present in the writer’s stock of P. parodu or that it had different 
functions in hybridizations with P. axillaris. 

The F. Generation; figures 21, 23 and 25. General Data. Four prog- 
enies of the F. were grown of seeds of controlled self-pollinations. A series of 
twenty-eight members was a selfed progeny of a plant that was PA: S 0.2. 
A series of twenty-nine plants, and another of twenty-five plants, were prog- 
enies of PA: S 0.1. It was the intention to grow a progeny of PA: S 0.3 but 
there was an error in selecting the seeds that were planted and another series 
of twenty-one plants was also a progeny of PA: S 0.1. 

Character of the Fz. The members of the Fy were more diverse than the 
F,. Most of them had branches, foliage, and flowers that were intermediate in 
character, but some, as D in figure 21, were segregates that were strongly 
like P. axillaris in most features. Others, as C in figure 21, were more like P. 
parodii. Twenty-three had stamens of four lengths and eighty had stamens of 
three lengths which was a segregation of 1:3.4+. But there were very few 
that had stamens as short, or anthers as large, as in P. axillaris. In the greater 
number of plants the flowers were more or less intermediate as shown in fig- 
ure 23. Yet the F2 provided much greater diversity than did the F,, especially 
in the lengths of the stamens and in the size of the anthers. There was note- 
worthy correlation between length of corolla-tube and length of pistil and 
stamens. No plant had the short length of pistil seen in P. axillaris and the 
long stamens of P. parodi. In the majority of the plants the anthers dehisced 
before anthesis. 

Potential Fertility. All members of the Fy. had a high degree of potential 
fertility. The stamens and pistils were fully normal and every plant produced 
fine capsules with numbers of seeds that were at least equal to those obtained 
in P. axillaris. The best capsules contained few scale ovules. 

Data for the Progeny of PA: S 0.2. The twenty-eight members of this 
series were self-fertile and cross-fertile in the numerous relations that were 
tested. The sixteen that were tested with S /.1 were fertile. There were no 
genotypes of S 2.2 that could be used as testers. The members were very fully 
tested as ¢ ¢ with AA: S /.2 and S 2.3 and found fertile, hence it was evi- 
dent that no member was S$ 2.2, especially as none was self-incompatible. 
This progeny was presumably composed of the genotypes PA: S 0.0 and 
S 0.2. 

Progenies of PA: S 0.1. There was a total of seventy-five plants in the 
three progenies. All were fully self-fertile but one plant. This plant had several 
intermediate characters and was definitely a hybrid. It was propagated and 
very fully tested reciprocally with all genotypes of P. avillaris. As a 2 @ it 
was incompatible only with S 7.1; as a ¢ é it was cross-incompatible with 
S 1.1, § 1.2, and § 1.3 but fertile with S 2.3 and S 3.3. It was also fertile with 
sister plants. The self-sterile member was PA: S 1.1. Evidently in the selfing 
of the parent PA: S 0.1 one pollen-tube that carried § 1 had functioned and 
its sperm had fused with an egg that also had § 7. This was the only instance 
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Fic. 23. Flowers of F. P. parodu «* P. axillaris: A, flower and stamens near 
P. parodu but pedicels and calyx lobes (and foliage) almost as in P. axillaris; B, 
stamens of three lengths, but anthers, pedicels, and calyx lobes like P. parodii. Fie. 24. 
Typical flowers of F: plants of P. axillaris & P. mtegrifolia. Typical F; plant shown 
at C in figure 35. 
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when a pollen-tube which carried an S factor functioned in the selfing of any 
of the F, hybrids of PA. 

The members of each group were very fully tested as 2 2 with pollen of 
the AA genotypes. The resultants definitely indicated that twenty-one were 
incompatible only with S 7.1 ¢ ¢ and were hence PA: S 0.1 and that fifty- 
three were fertile with all genotypes and were PA: S 0.0. The reactions were 
without exception as indicated in figure 25. But the two genotypes were defi- 
nitely unbalanced in relative members in each of the three progenies. The 
numbers of S 0.1 and S 0.0 genotypes were respectively 7 and 22, 9 and 15, 


and 5 and 16. It is evident that there had been selective fertilization in the 
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selfing of the three S 0.1 parents. There was, except in one instance, hidden 
self-incompatibility for the S 1 pollen tubes and only pollen-tubes which did 
not possess the S J factor had functioned. But these pollen-tubes functioned 
53 times in ovules whose eggs had no S 1 factor and 21 times with eggs which 
had the S J factor. 

Reactions of the Fz. with P. parodu. The Fe were especially tested as @ 9 
with pollen of P. parodit to determine if there were segregations of the genetic 
component of P. axillaris which would give the reaction of unilateral sterility 
with pollen of P. parodi. From three to ten members of each genotypic group 
of each progeny of the F. were thus tested. There was full fertility in every 
test. 








60 MEMOIRS OF THE TORREY BOTANICAL CLUB 


The reciprocal relations were less fully tested but all that were tested were 
fully fertile. But this relation involved only components that gave fertile re- 
actions; for PP @ ? x PP ¢ ¢ was one of intraspecific fertility and PP @ 9 
x AA ¢ é was one of interspecific fertility, and both favored fertility. 

Hence in the reactions of the F2 hybrids of PA there were no features of 
hybridization sterility in any of the reactions of reproduction including the 
relations with P. parodii. 

The Back-Cross Progenies of P. axillaris « F,; Hybrids. General Data 
and Status. Two series of plants (341 and 342) were of the parentage AA: 
S 1.1 x PA: S 0.1 and one series (344) was of AA: S1.2x PA: S 0.3. Each 
of the seventy members of these progenies received a haploid constitution of P. 
axillaris which carried one set of the genetic determiners for both the @ ¢ 
and the ¢ ¢ complexes of that species. These included a haploid complement 
of the 2 2 component that was concerned with unilateral sterility. But each 
back-cross progeny also received a haploid genetic constitution from its Fy 
pollen parent, and these differed according to the segregations in the pollen. 
It was possible that the extremes of these segregations ranged from a haploid 
A complement to a haploid P complement. Segregations of a factor or of more 
than one of the factors of the AA @ 9 complex that was involved in the AA 
92 xP ¢ @ sterility would, in some of the back-cross members, be added 
to that received from the AA @ @ parent. 

In respect to the known S factors, all members of series 341 and 342 re- 
ceived only the factor S 7 but certain of series 344 could receive two S factors 
and be either S 1.3 or S 2.3. 

Appropriate tests were made which identified the S factors that were pres- 
ent, and also revealed that the genetic component of AA @ 9 which effected 
unilateral sterility with P ¢ ¢ had been reassembled. 

Data for Series 341 and 342: figure 26. The @ 2 parents were AA: S 
1.1 and the ¢ ¢ parents were PA: S 0.1. Fifty-three (35 and 18) seedlings 
were grown. All were self-fertile and also cross-fertile in all of numerous tests. 
Every one was cross-incompatible with pollen of AA: S 1.1 but the reciprocals 
were fertile. The tests showed that all members of these two series had the 
factor S J but that pollen of S 0 (or S p) had functioned and there had been 
hidden incompatibility for all S J pollen-tubes in reactions with the S$ J.1 
pistils. The tests indicated that all the members were fertile reciprocally with 
all genotypes of P. axillaris except S 1.1 6 6. 

Tests with pollen of P. parodi were made for forty-two (28 and 14) of 
these progenies. Twenty (13 and 7) were fertile and twenty-two (15 and 7) 
were completely sterile. Thus it was demonstrated that the AA @ @ genic 
component which effected the hybridization sterility in reactions with P 4 ¢ 
had been reassembled in half of the members of these back-cross progenies 
all of which were S 0.1. 

In figure 26, in the two columns under “Character” there are given evalu- 
ations of the character of the corolla and of the anthers. Plants whose flowers 
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Fic. 26. There were 53 seedlings of AA: S 11 *K PA: S 0.1. All were S 0.1. 


Forty-two were tested with P ¢. Twenty were fertile; but 22 were sterile and in 
these there had been a recombination of the AA @ genic component that had the re- 
action of unilateral sterility with P. parodi ¢@. The recovery of unilateral sterility 
is indicated by the symbol O. Probably the symbol H in this chart should be changed 
to F. 
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were near /’. axillaris in length are listed as A —; those that were near P. par- 
odu are rated P-, and others were intermediate. All members had stamens 
of three lengths, but some were near P. avrillaris in size and positions (A -) 
and others were near P. parodu, especially in size. It is apparent that there 
was no close correlation of either of the specificity reactions with any one 
feature of the flower structure. 
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Fic. 27. The back-cross progeny of AA: S$ 1.2 &* PA: S 0.3 included four geno- 
types. Those that possessed one S factor were self-fertile but had hidden incompatibil- 
ity. Those that had two S factors were self-incompatible. Of the 12 members that 
were tested, 8 had unilateral sterility with P. parodi ¢@ and 4 had fertility. 


Data for Series 344; figure 27. The parents of this progeny were AA: 
S 1.2 x PA: S 0.3. In this relation no incompatibilities were involved and it 
was expected that both classes of pollen tubes would function and that four 
genotypes would appear in the progeny. 

Twenty plants were grown and tested. Seven were self-fertile and the tests 
revealed that one of them was S$ 0.1 and six were S 0.2. Thirteen were self- 
incompatible and of these three were S 1.3 and ten were S 2.3. Figure 27 in- 
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dicates the extent to which these were tested. The two members of S$ 0.2 and 
the six of S 2.3, which were omitted from figure 27 to conserve space, were 
equally well-tested and all their reactions were conforming. The segregations 
of the four genotypes of the incompatibility mechanism and the reactions of all 
the members demonstrated that the S 3 factor had retained its identity and 
character while it was in the self-fertile F, hybrid where it had no allelle and 
had reacted in hidden incompatibility. 

The reactions with P ¢ were critical for evaluations of unilateral sterility. 
At the time when the members of series 344 were in flower few plants of P. 
parodu were in good condition but twelve of the relations with P ¢ and four 
of the reciprocals were tested (figure 27). Four of these back-cross hybrids 
were fertile with P ¢ and eight were sterile. The four reciprocals which were 
tested were fertile. 

Twelve of this progeny were tested in reciprocal relations with five geno- 
types of P. axillaris to the extent indicated in figure 27. There was complete 
fertility, except for the action of incompatibility factors. There were no non- 
conforming resultants. 

Evaluations of the Data on Unilateral Sterility. The AA 22 com- 
plex which reacted with P ¢ in a hybridization sterility was reassembled in 
approximately half of each of the three backcross progenies. The question 
arises whether this condition was correlated with any one or more of the ob- 
servable specific characters of P. axillaris, as, for example, the relatively 
shorter pistil. All members of these three series had stamens of three lengths, 
but so did all of the F, and about three-fourths of the Fs hence it is obvious 
that the length of stamens and pistil was not correlated with the unilateral re- 
actions of sterility. Some members of the back-cross progenies were more fully 
like P. axillaris than were any of the Fs, but none was as strongly like P. par- 
odit as were certain members of the Fs. Special attention was given to the test- 
ing of the six plants that were most like P. axillaris in the size and shape of 
the flowers, length of pistil, and size of anthers. As indicated in figure 26 four 
of these (341 Nos. 6 and 26; 342 Nos. 7 and 9) were sterile with P ¢ but 
two (341 Nos. 1 and 12) were fertile. There were eighteen others that were 
also. sterile with P ¢ and these had flowers and flower parts more or less 
intermediate in character. The twenty that were fertile with P ¢ displayed 
quite the same range in these same characters that was seen in those that were 
sterile. In the character of their flowers the members of series 344 were almost 
like the members of 341 and 342. 

The segregations in the three series of back-cross progenies which pos- 
sessed the AA @ 2 component that effected sterility with P ¢ were not cor- 
related with any one of the observable contrasted features of the flowers. It 
is to be noted that the two groups of plants that reacted differently with pollen 
of P. parodu were alike in their reactions with P. axillaris. The genic com- 
ponents of AA which effected unilateral sterility were not linked with any of 
the S factors and had no direct interactions with any of them. 
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Reactions of PA Hybrids with P. integrifolia. The F;, Fs, and back- 
cross progenies of the PA hybrids were very fully tested in reciprocal rela- 
tions with P. integrifolia S a.b. There was unilateral sterility when S a.b was 
the 2 9 member and hybridization when § a.b. was ¢ é with the reduced 
seed production characteristic of the hybridization when members of the spe- 
cies P. axillaris and P. parodu were 2 9 members. 


SUMMARY AND EVALUATIONS 


1. All members of the F,, Fs, and back-cross progenies of P. parodu x 
P. axillaris had a high degree of potential fertility. The basic mechanisms 
which effected intraspecific reproductions separately in the two parental spe- 
cies were equally efficient when combined in the hybrids. 

2. The mechanism of intraspecific incompatibilities derived from P. axil- 
laris continued to operate effectively in all hybrids and in all reciprocal rela- 
tions of these with each other and with P. axillaris. Only one instance of a 
non-conforming reaction was observed. In all cases the incompatibility mecha- 
nism was superimposed upon the basic hybrid mechanism which effected fer- 
tility and reproduction. 

The incompatibility mechanism of P. axillaris was entirely inactive in the 
reactions of the initial hybridization. The pollen tubes of A ¢ found no con- 
ditions in the pistils of PP @ 2 which were unfavorable. The seed number 
obtained per capsule was, apparently, slightly below that of selfing but this 
did not involve selective action of any S factor. 

3. All members of the F; progenies and all selfed progenies of the Fs, with 
the exception of one plant, were fully self-fertile and cross-fertile. This was 
due to the fact that these plants possessed only one S factor. The self-fertility 
was made possible by the presence of only one S allelle in the pistils and no 
S factor in half of the pollen. In the F. there were plants that had no S factor. 
In certain members of back-cross progenies, self-incompatible plants hetero- 
zygous for S factors were obtained and in them the basic mechanism of re- 
production functioned in selfing and in certain cross-relations quite as in P. 
axillaris. 

4. The hybridization relation of AA @ @ x P é was one of sterility. All 
F, and Fy» hybrids were fertile with pollen of P 6. Hence the genic component 
of AA @ 2 which was involved in this sterility was either absent or inopera- 
tive. Since no F, hybrid was sterile with P ¢ it is concluded that no haploid 
complement of AA @ ¢ had the particular genic complex that was necessary 
for the reaction with P ¢. Hence it could not be a single factor or any haploid 
group of complementary factors. But in the back-cross progenies approxi- 
mately half of the members received that portion of the original AA @ 9 
component that effected the sterility with P ¢. The facts suggest that the 
back-cross recombinations provided an allelic duplication of a single gene 
(as X a.a) and that their combined action effected sterility with X p. Since 
all pollen of P. parodu gave this reaction, it may be assumed that this species 
is homozygous for a single factor (X p) which is involved in the reaction. 
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5. The mechanism of intraspecific incompatibilities in P. axillaris and the 
mechanism of unilateral interspecific sterility that operates in the hybrid- 
ization relations between P. axillaris and P. parodu are distinct in genetic 
control, in status in relation to reproduction, and in their actions in the 
hybrid progenies. 


CHAPTER 7. THE Hypsrips oF DipLoip Petunia axillaris x Petunia 


integrifolia 


The F, Generation. General Data and Status. Ninety-nine seedlings 
were grown to flowering age of the parentage AA: S 1.3 (139-12) x II: S 
a.b (Kew clone). Both parents had a mechanism of intraspecific incompati- 
bility and the two were alike in that each had a single series of allelic opposi- 
tional factors which operated in the simple personate type of behavior. Since 
the two series were allelic in the hybrids there was no opportunity for a 
“switch gene” to be also allelic. The hybrid progenies provided material for a 
study of the behavior of the known S 7 and S 3 factors of P. axillaris and the 
known S$ a and S b of the Kew clone, not only in the reactions of the initial 
hybridization but also in the new environments of the hybrid constitutions. 

Character of the Fy. There was noteworthy uniformity among the mature 
plants of the F; generation in the character of the foliage, stems and petioles, 
and in the size and character of the flowers and flower parts. In comparison 
with the Kew clone the foliage and stems were coarser and more robust, and 
the flowers and their organs were much larger (figure 24). The spread of the 
open corolla was nearly equal to that of P. axillaris but the throat of its tube 
was broader. The anthers were larger than those of the Kew clone but smaller 
than those of P. axillaris. The stamens were of three lengths but the anthers 
of the two longest ones were almost even with the stigma and not well above 
the stigma as in the Kew clone. After flowering and while capsules were 
forming the pedicils moved almost to a right angle to the main axis but were 
not strongly deflexed as in P. integrifolia. The capsules were larger than those 
of P. integrifolia but smaller than those of P. avillaris. 

All the 99 F, hybrids had flowers of some shade of purple. The intensities, 
shades, and tints of coloring of freshly opened flowers included light phlox 
purple, Hortense violet, amparto-purple, phlox purple, and purple as these 
are designated in plate XI of the Color Standards and Nomenclature by 
Ridgway. No plant had a flower coloring that closely matched that of the 
Kew clone or that approached the rose-pink of certain seedlings of the selfed 
progeny of this clone. As the flowers aged the coloring became more intense 
in some seedlings but decreased or faded in others. 

The Kew clone of P. integrifolia, which was the pollen parent of these hy- 
brids, was heterozygous for certain of the factors determining flower color 
(Mather & Edwards 1944; also chapter 4) and hence some diversity in the 
F, was expected. But the entirely new shades of purple coloring in the F; 
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showed the effects of modifying factors that were probably derived from the 
white-flowered P. axillaris. 

In habits of growth, the young seedlings displayed the same diversities that 
were observed in the parental species. Some had axial growth only, and such 
plants had few flowers. The majority had at least several lateral branches 
from the rosette and such plants were more branched than was the rule for 
plants of P. axillaris. The hybrids surpassed al! seedlings and ramets of the 
Kew clone in stature, vigor of growth, and coarseness of stems and leaves 
(figure 35). None had the abnormal type of foliage and flowers which ap- 
peared in some of the seedlings of the Kew clone. 

The Potential Fertility of the Fy. All members of the F, had anthers that 
were well-formed and normal in dehiscence and there was much loose pollen 
that was functiona! in certain cross-relations. Special examinations were made 
of the pollen of three typical plants of the series (Nos. 21, 16, 15) which 
were most fully tested and kept under propagation. The percentage of aborted 
and empty grains in the pollen of No. 15 was 45; the normal grains (55%) 
varied from 28.5 » to 36.1 » in diameter and were very uniformly trilete in 
shape. In the pollen of No. 16 there were abortions of 60 to 75 per cent and 
the grains that had contents varied in shape from trilete to quadrilete and in 
size to 49.4 pw. In the pollen of No. 21 there were abortions of approximately 
5 per cent and the ranges in size and shape were like those of No. 16. Other 
examinations were made which indicated that the abortions of pollen in these 
F, hybrids were seldom less than 50 and often as high as 75 per cent. 

Thus there was a high degree of abortion in the microspores of all these 
F, hybrids in comparison with the pollen of the parents and of the hybrids of 
P. parodu and P. axillaris. Also there was greater variation in the shape and 
size of pollen which reached a diameter of 49.4 » in comparison with the max- 
imum of 38.0 » for the parents. Several of the F, hybrids were found to be 
diploid and it is believed that all were diploid. 

The data for the capsules and seeds may be summarized as follows: Every 
plant produced capsules and viable seeds in certain relations with sister plants. 
The best of these capsules were somewhat larger than any obtained of fertile 
relations between seedlings of the Kew clone (as S$ a.a x S a.b) but the cap- 
sules were smaller than the typical capsules of P. avrillaris. The number of 
seeds in numerous capsules of cross-fertile relations involving many of the F, 
ranged from 83 to 304. Almost without exception these seeds were nearly 
spherical, plump, and the majority contained an embryo and endosperm. But 
there were always ovule scales and frequently as many as 250 of them could 
be counted. 

The evidence indicated that approximately half of the pollen grains and 
ovules (with egg cells) were functional. The abortions were, it seemed, due 
to irregularities in the chromosomal mechanism of meiosis and sporogenesis. 
But these abortions did not prevent the production of capsules and viable 
seeds. The abortions of ovules did reduce the number of seeds below the num- 
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ber of ovules. Measured in terms of the number of seeds per capsule, the po- 
tential fertility was much below that of P?. axillaris, but in most cases, at least, 
it was equal to that of P. integrifolia. 

Self-Incompatibilities: figure 28. Every one of the ninety-nine members 
of the F; were self-incompatible to all controlled normal self-pollinations or 
close-pollinations and to all autonomous selfing under cage control. There was 
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no shedding of pollen before anthesis or before there was secretion on the 
stigma. There were no cases of feeble or partial fertility to selfing. The self- 
incompatibility indicated that each plant possessed two S factors, one from 
each parent, and that in the hybrid constitutions both S factors were active 
in self-incompatibility. 

Cross-Incompatibilities. In the tests of the cross-pollinations numerous 
irregularities were observed, especially in the cross-fertile relations between 
mating groups. As soon as several members of an intra-incompatible group 
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were identified one or more of them were used as testers of other members, 
In this way two groups of 27 and 26 members respectively were obtained. 
One large group of 46 members were very irregular in cross-reactions. All 
five of them that were tested with pollen of the parent plant of P. axillaris § 
1.3 were sterile. Eleven other plants that were tested with the same pollen 
were cross-fertile. Sixteen plants were fertile with pollen of P. integrifolia. 
This series soon became badly infected with a mosaic disease the virus of 
which was evidently introduced in tobacco smoke. One plant of each of three 
mating groups was kept in propagation for several years until homozygous 
plants of AA: S 1.1 and S 3.3 and of II: S a.a and S b.b were available for 
testing. 

The Analysis of the Genotypes. The results of the tests (figure 28) indi- 
cated that the member selected of the group of 27 members was AI: S 3.) and 
that the member of the group of 26 members was S$ 1.b. As 2 2 these two 
plants were cross-fertile with all genotypes of P. axillaris and of P. integrtfolia 
except only for normal syngenic incompatibilities. Thus it appeared that the 
large group of 46 members that gave irreguiar reactions were S 1.a and S 3.a. 
The one member that was kept and tested (154 No. 15) gave nonconforming 
reactions in that it was cross-fertile with II: S a.a ¢ é but cross-sterile with 
AA: §S 1.2, § 1.3, and S 2.3 as well as with S 1.1 and S 3.3. It was not pos- 
sible that plant No. 15 could possess the S 2 factor. 

As pollen parents the three F, hybrids were cross-fertile with all geno- 
tvpes of P. axillaris, which indicates that either the S } pollen functioned or 
that S factors in pollen were inactivated in such relations as AA: S 1.1] x Al: 
S 1.b; AA: S 3.3 x Al: S 3.b. The three plants were cross-sterile as male 
members with II: S a.b and II: S a.a 2 9 but cross-fertile with II: S b.b 
2 2, which were nonconforming both for the action of S factors or for reac- 
tions of unilateral hybridization. At the time of the tests the pressure of other 
work, and especially with the tetraploids, was such that it was decided to 
grow only a progeny of the two genotypes S /.b and S 3.b that had been 
identified. It is to be noted that three plants had uniform unilateral sterility 
and fertility with the third species P. parod11. 

The Fertility in Terms of Seed Production. Ten capsules were evaluated 
that were produced by seedlings No. 21 and No. 15 with pollen of AA: S 1.3 
and S 2.3. There were from 104 to 190 apparently normal seeds per capsule. 
Twenty seeds selected at random had an endosperm and an embryo. From 
100 to 300 scale ovules were also present in the capsules. The capsules of P. 
axillaris x pollen of the F; hybrids were usually as large as the capsules ob- 
tained of intraspecific relations and the numbers of seeds in the capsules that 
were evaluated ranged from 140 to 514. Ten capsules that were obtained with 
pollen of P. integrifolia S a.b, S a.a., and S b.b were evaluated. The number 
of seeds per capsule ranged from 8/ to 322 and the twenty-four that were dis- 
sected were all normal. 

The F, Generation. General Data. Only one progeny (255) of the Fs 
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was grown. Its parentage was 154-21 (AI: S 3.b) x 154-16 (AI: S 1.b). 
The capsule contained 83 plump seeds but only twenty-nine seedlings ap- 
peared above the soil. Twenty-five were potted; twenty-three survived and 
flowered and were very fully tested. Except for one plant (No. 19) the reac- 
tions with all testers were uniform as indicated in figure 29. 

Character of Series 255. There was much diversity in the appearance of 
these plants, in the expressions of the contrasted characters, and in the com- 
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binations of the different characters. The extremes approached those of the 
two parental species (figures 30, 31, and 32). Four members closely re- 
sembled P. axillaris in most characters, seven were decidedly like P. integri- 
folia and eleven were more or less intermediate in most of their characters. 
The majority of the series had more slender stems and smaller leaves than 
had the plants of P. axillaris even though the flowers were much like those of 
this species (No. 16 in figure 30 B). Five members had flower coloring almost 
like that of the Kew clone. Only two had flowers that were almost white and 
in these the flowers had the size, shape and the color of the pollen that were 
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almost as in P. a.villaris. For the others of the series the range of flower color- 
ing included rose-pink and several shades of rose and purple. All had stamens 
of three lengths. Twelve had the pair of longest stamens slightly above the 
stigma, as No. 2 in figure 31 A, but not as far above as in P. integrifolia. In 
figure 32 the members of this series are arranged according to their degrees 
of resemblance to the two parents. 

Potential Fertility. Each of the Fs hybrids had normal flowers with well- 
formed anthers and pistils. Every plant produced capsules and seeds to certain 
pollinations. Special studies were made of the pollen of eleven of these hybrids 
which represented the range of segregations in the character of flowers and 
stamens. There were definite differences in the polien. Three plants ( Nos. 2, 
4, and 14) had pollen in which the abortions were estimated at 28%, 65%, 
and 65%. Five (1, 11, 12, 13, and 19) had abortions that ranged from 32 to 
70% and some of the normal grains were quadrilete. In the pollen of Nos. 2 
and 19, which were most like the Kew clone in combination of characters, 
there were abortions of 75 and 85% and many of the grains that had contents 
were four-pored and of large size. One plant (No. 16) which was very like 
P. axillaris had at least 60% of the pollen aborted, and of the grains which 
had contents many were extra small in size and also many of the smaller as 
well as the larger grains were four-pored, a condition not observed in any 
other plant of the series. 

There were definite individual differences among the members of this Fe 
in the size of the capsules and the number of seeds per capsule. Seedling No. 
1, which was most like P. axillaris, produced capsules of a size near that of 
capsules P. axillaris and the number of seeds was as high as 398, with also 
about 200 scale ovules. In contrast, seedling No. 2, which was most like the 
Kew clone, had capsules about half the size of those of No. 1, and the highest 
number of good seeds in the best capsules was 5. Some of the best capsules 
produced by plants Nos. 16, 23, 13, 10, and 7 were evaluated. The numbers of 
good seeds per capsule for different plants ranged from 38 to 464. The largest 
capsules and the highest numbers of seeds were trom plants that were either 
most like ?. axillaris or intermediate in the character of the flowers. Under- 
sized and shrivelled seeds were few but there were at least 200 scale ovules of 
the B class on the placenta in most capsules. Presumably these represented 
ovules that were unable to function in any relation and their abortions corre- 
sponded to those of microsporogenesis. but every one of the Fy» had a poten- 
tial fertility that allowed for reproduction and for tests of the various reactions 
of fertility and sterility. 

Data for the Self- and Cross-Relations: figure 29. Each of the twenty- 
two members of this progeny was fully self-incompatible. There were two 
intra-incompatible groups which were reciprocally cross-fertile. One other 
member was nonconforming in certain of its reactions as a pollen member. 

There was complete fertility of all the Ff. members in all reciprocal rela- 
tions with the genotypes of P. arillaris except for syngenic incompatibilities. 
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Fic. 30. Fully grown plants of the Fe of P. axillaris & P. mtegrifolia. Fie. 31. 
Flowers of the same plants, as lettered. Plants A and E were very like P. integrifolia; 
B, C, and D were near to P. axillaris but had small anthers. 
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The one nonconforming member (225-19) was tested only with S J.J. None 
of the other seedlings had the genic component of P. integrifolia that effected 
unilateral sterility with P. axillaris. 

As female members the F2 members were fertile with the three genotypes 
of P. integrifolia 8 except for normal syngenic action of the Sb factor. But 
as pollen members there was sterility of all plants of AI: S 1.b and S 1.3 with 
II: § a.b and S a.a but fertility with S b.b @ 9. The failures could not be due 
to normal reactions of syngenic S factors. They suggest that there were reac- 
tions of unilateral sterility in which all pollen had the genic or cytoplasmic 
component of P. axillaris é (X a) that reacts with P. integrifolia 2 (X 1.1) 
in unilateral sterility. But the reactions of fertility of Il: S 0.6 2 2 with all 
members of AI: S 1.6 and S 1.3 were nonconforming in respect to unilateral 
sterility and incompatibility. That there were segregations and recombinations 
of modifying factors and perhaps also mutations in the S b.b genotype are in- 
dicated. The analysis of these would require the evaluations of a number of 
the collateral progenies that could be obtained. 
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Fic. 32. This tabulation indicates the relative character of 22 of the F2 of series 
255 that were most fully evaluated. No. 1 is D in figure 30; No. 16 is B; No. 9 is C; 
No. 2 1s A; and No. 19 is E. 

Evaluation of Genotypes. The various critical tests that gave what appear 
to be normal and conforming resultants indicate that sixteen of the F.2 were 
A< >I: S 1.b and five were A< >I: S 1.3. These are the genotypes ex- 
pected of a parentage that was AI: S 3.b x S 1.b, provided that the S 0 pollen 
did not function because of incompatibility. The analysis of the progeny indi- 
cates that only the S 7 pollen had functioned and that the S 0 pollen tubes had 
syngenic incompatibility in pistils that were S 3.0. 

One member (No. 19 in figure 29) had various reactions expected of S 
1.b except that asa ¢ ¢ it was fertile with its sisters that were S 1.) and it 
differed from them in reactions with II: S a.b and S a.a 2 9. 

The unbalanced numbers of sixteen of S 7.) and five of S 1.3 in the Fe 
suggest that there was some selective action in pollen-tube growth or in fer- 
tilizations that favored the union of S b egg cells with S 7 sperms. 

Reactions with P. parodu. With P. parodwu all members of the F. were 
sterile as 2 @ but fertile as ¢ 6. This behavior corresponds to that of the F, 
and it was the same as that of the two parental species with P. parodiu 2 ¢. 
The hybrids maintained uniform reactions of unilateral fertility and sterility 
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with P. parodi. Each individual of both the F; and the F.2 possessed a genic 
9 @ complement which effected sterility with P. parodu $. Thus the varti- 
ous recombinations and segregations that modified and gave nonconforming 
reactions of unilateral reactions by AI hybrids had no influence on the reac- 
tions with P. parodii. 

Reproduction in, and among, the AI Hybrids. The syngenic action of S$ 
factors effected the self- and cross-sterilities that occurred in the reactions be- 
tween diploid pistils and haploid pollen in both the F; and the Fs. The abor- 
tions of spores and the reduction in potential fertility of the F. were due to 
chromosomal and genic behavior in processes of meiosis and microsporogen- 
esis and these were independent of the diploid-haploid reactions between pis- 
tils and pollen tubes. 

Except for plant No. 19 there were no reactions between F, members that 
may indicate a reaction of unilateral sterility. This plant was sterile as a 2 9 
with its sisters that were S 1.b but fertile with those that were S 7.3. It was 
strongly like P. integrifolia in appearances. Possibly it had that component of 
P. integrifolia @ ¢ that effected unilateral sterility with pure P. a-illarts. 
Unfortunately the only test that was made with genotypes of P. axillaris $ 2 
was with S$ 1.7. 

It is certain that the association of S b with S 7 or S 3 in the F, and Fs 
hybrids did not modify the reactions of either in selfing, in intra- or inter- 
group relations or in relations with either P. axillaris or P. integrtfolia as 
6 6. Also there were no segregations in the 2 9 constitution, except pos- 
sibly for No. 19, that effected unilateral sterility or switch reactions. The 
cross-fertility of these hybrids as 2 2 with both parents corresponds to the 
comparable reactions of the PA hybrids but not to those of the PI hybrids 
studied by Mather which will be discussed later in this paper. 


CHAPTER &. AUTOTETRAPLOIDY OF Petunia axillaris 


Introduction. In three preliminary publications (Stout & Chandler 1941, 
1942: Stout 1945a) it was reported that all of the somatic autotetraploids 
which were obtained from fifteen different self-incompatible plants of diploid 
P. axillaris were self- and cross-fertile, that all the selfed progenies of these 
4n branches were also tetraploid, self-fertile and cross-fertile, and that in the 
cross-relations between a 4m and its 2m there was a one-way sterility barrier 
which was an expression of a new specificity in the character of the 4n. 

Further and more complete data with charts will now be presented on the 
various features of fertility, sterility, and reproduction in intraspecific and 
interspecific relations which involve the new 4n genotypes. The relations of 
the 4n with the 2n genotypes are now presented with new data (a) on the in- 
fluence of S factors, (b) on the features of pseudospermy and induced par- 
thenocarpy, and (c) on the syngenic and disgenic reactions in the expressions 
of the new specificity of the tetraploids. The evaluation of these features indi- 
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cate that the 2m x 4n relation for these cultures of P. axillaris was one of al- 
most complete sterility and that the 4m x2n reaction for disgenic relations 
produced some viable seeds. 

Methods of Obtaining Tetraploids. Vigorous young seedlings which 
had several laterals were selected for treatment. Two methods of applying 
colchicine were employed. Some tetraploid branches were obtained when dip- 
loid buds were immersed for four hours in aqueous solutions of colchicine 
ranging from 0.5 to 0.2 per cent (Blakeslee & Avery 1937; Nebel 1937; Nebel 
& Ruttle 1938, a, b, c). 

Also some tetraploid branches were obtained after buds were thor- 
oughly sprayed with 1.0, 0.4, and 0.02 per cent of colchicine in water in an 
emulsion of lanolin, stearic acid, and morpholine (Warmke & Blakeslee 
1939), in which case there were three applications at intervals of three days. 
The percentage of the treatments which gave tetraploid branches was low. All 
of numerous treatments of branches of the Kew clone and of later treatments 
of S 1.1 and S$ 3.3 genotypes of P. axillaris failed to give any tetraploid 
branches. Three or more tetraploid branches were obtained on sixteen differ- 
ent plants of 2n P. axillaris and one hexaploid branch was obtained on a trip- 
loid hybrid of 4n P. axillaris x 2n P. integrifolia. 

Character of the Tetraploids of P. axillaris. 7he | egetative Characters. 
The 4n branches had thicker stems and large, coarse leaves. The young leaves 
that were treated often became somewhat twisted and unevenly expanded. At 
the time of flowering the 4n ramets of propagations were more robust than 
were ramets of 2n plants. Tetraploid seedlings were much slower in early 
growth and were later in flowering than were diploid seedlings of the same 
age. But ultimately the tetraploids grown from seeds or from cuttings sur- 
passed in stature any of the 2n plants, as shown in figure 35. Tetraploid plants 
flowered more continuously throughout the winter months than did diploids. 
Frequently the first internode of the false axis of an inflorescence, which is a 
bostryx, was fused with the pedicel of the flower to which it was axillary and 
the point of separation of the two was carried to some distance above the 
bracteole (figure 34). Occasionally such fusions were repeated in several 
successive sections of the bostryx. 

The Character of the Flowers. In every case the flowers of an original 
4n branch were noticeably larger than the flowers on the 2n parts of the same 
plant (figure 33). There was a definite increase in the size of both the anthers 
and the stigma. These increases in size, together with the thicker stems and 
coarser leaves, were continued in the cuttings and in the selfed seed-grown 
progenies of all 4n P. axillaris. The anthers of all 4n flowers dehisced nor- 
mally and pollen was abundant. Numerous examinations were made of the 





stages of microsporogenesis and some were made of mitosis in the young 
leaves which showed that the somatic number of chromosomes was 28, or 
four times the » number of 7. 

Self-Fertility and Cross-Fertility. As soon as the first tetraploid branches 
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Fic. 33. A, flower and capsule of 2n Petunia axillaris; and B, flower and capsule 
of the somatic autotetraploid. Fic. 34. Young tetraploid seedlings showing habits of 
branching. At right, a wire cage of the type extensively used in controlling pollinations. 
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had flowers it was found that fine capsules (figure 33 .B) which contained 
numerous viable seeds were obtained of normal self-pollinations. Each of the 
sixteen original tetraploid branches had flowers that were highly self-fertile 
while the flowers of 2n branches on the same plant were fully self-incompati- 
ble. It was also determined that there was cross-fertility in all reciprocal rela- 
tions between any of the different 4” branches and the ramets grown from 
them by vegetative propagation. The ovaries of emasculated 4n flowers on 
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Fic. 35. Well-grown plants about one year old from cuttings. A, a typical diploid 
plant of P. axillaris; B, an autotetraploid of P. avrillaris; C, a diploid Fi hybrid of 
P. axillaris & P. integrifolia; D, a ramet of the Kew clone of P. integrifolia. Fie. 36. 
First generation seedlings of the somatic double triploid AAAATI. 


plants which were enclosed in cages did not enlarge, which indicated that 
pollination was necessary for the formation of capsules and seeds. The cap- 
sules on the 4n branches were somewhat larger than those on the 2n. 

The Seedling Progenies of S$ 1.1.3.3. Series 142 of the First Genera- 
tion. The data for this progeny of seedlings are here given in some detail. 
Three selfed capsules were obtained from the 4n branch of the 2 plant 139- 
12 which was S 1.3. The numbers of seeds judged to be normal in these cap- 
sules were 415, 470, and 583. These seeds were planted as soon as the cap- 
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Fic. 37. Chart indicating reactions of a selfed progeny of a somatic autotetraploid 
of AAAA (S 1.1.3.3). The cone-shaped symbol indicates capsules with pseudoseeds. 
The symbol 0 here indicates complete failure that was due to the incompatibility of 
a syngenic relation of 4n  2n. 


sules were ripe, which was on May 29, 1944. Thus the seeds had no rest pe- 
riod. Germination was irregular and delayed beyond that usually obtained 
when seeds were planted several months after collection. Seedlings continued 
to appear until late in the following October. At several intervals throughout 
the period of the germinations, seedlings were selected for potting and the 
numbers that were grown to flowering age were 43, 54, and 21. 

The first of these seedlings to bloom had flowers in March 1945, ten 
months after the seeds were planted. But when the ripe seeds of tetraploids 
were planted during December after several weeks of storage most of the 
seeds germinated within a period of about four weeks and with good care they 
began to flower in about six months. 
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There was no doubt that each of the 118 plants of these three series was a 
tetraploid. Every one was self-fertile to normal self-pollinations. The term 
“cross-relation” is used in this report to mean a relation between two plants 
grown from seed. About 1,500 cross-relations were tested by controlled polli- 
nations of emasculated flowers and every one was fertile. Figure 37 indicates 
how extensive these tests were. The first 20 plants of series 142 that were 
numbered were plants that were either well-branched or that were propa- 
gated and all of their cross-relations were tested. From three to six of these 
were tested in reciprocal relations with each of the 23 other members of the 
series. From three to forty cross-relations were tested for the seventy-five 
other seedlings of the selfed progeny of the 4m plant 139-12 (S$ 1.1.3.3). Also 
many of this progeny were tested in reciprocal relations with their 4n seed 
parent and also with the 2n plant of S 7.3. 

There was self-fertility for every member of this rather large progeny of 
tetraploid seedlings and the evidence was conclusive that there was complete 
fertility for any cross-relation between tetraploids. The S factors of the diploid 
plant 139-12 which effected self and intra-genotypic cross incompatibilities 
were inactive in the self and cross-relations of all of these 4n plants. The self- 
fertility which had first developed in the original 4m branches was transmitted 
to all of the seedling progeny. 

Data for Series 237. On December 4, 1944, another planting of selfed 
seed of the 4n plant 139-12 was made. These seeds had several months of a 
rest period in storage. Four weeks later there were about 100 seedlings of 
which 35 were selected at random for potting. These plants were given extra 
care and on May 24, six months after the seeds were planted, their first flow- 
ers opened. Thus these seedlings began to bloom about ten weeks later by 
calendar dates than did plants of series 142. 

Each plant of this progeny was definitely tetraploid in all characters and 
fully self-fertile. The cross-relations were tested in from three to ten relations 
for each plant and there was complete fertility for all tests. 

Data for Series 329 of the 2d Generation of S 1.1.3.3. In 1947, a series of 
fourteen plants was grown from selfed seeds of 237 No. 1, and tested. All 
these plants were tetraploid and self-fertile and there was fertility for each of 
the numerous relations with the other tetraploids. 

The Seedling Progenies of S 1.1.2.2. Four generations were grown 
from selfed seeds beginning with the seed of the tetraploid branch on the plant 
139-40. All members were tetraploid and self-fertile. The cross-relations were 
not as fully tested as in series 142. Every plant was tested with at least three 
of its sisters and with some other tetraploids. Many of the reciprocal relations 
with the 4n parent were tested. All these relations were fertile. The results of 
the tests for each progeny were uniform and completely in accord with those 
presented in figure 37, and hence the data for the cross-relations may be con- 
densed and summarized. 

Data for the 1st Generation. A progeny (series 145) of thirty-one mem- 
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bers was grown: fifteen were tested with the seed parent (139-40, S 1.1.2.2) ; 
numerous cross relations with sisters and with 4n plants of S 1.1.3.3 were 
tested. All tests were fertile. 

Fifty members were grown from the selfed seed of the 4n plant 139-36. 
One hundred and seven intra-cross-relations and twenty-seven cross-relations 
with the seed parent were tested and found fully fertile. Another series of 
fifty members was grown from the seeds of 139-36 x 139-40 which were both 
§ 1.1.2.2. Tests were made for 10 intra-cross-relations and 26 reciprocal rela- 
tions with both parents. Every relation was fertile. 

Data for the 2d Generation. Thirty-six seedlings (series 17/1) were a 
progeny of one of the Ist generation of S 1.1.2.2. Sixty-seven intra-series 
cross-relations were tested, several members were tested with the original 4” 
clone (139-40) and with three or more of each of all progenies of 4n seed- 
lings. Each relation was fertile and all plants were self-fertile. 

Another series (172) of sixty members of this second generation which 
had a different plant for the seed parent was grown. All were self-fertile. 
Numerous of their cross relations were tested and from three to five were 
tested with each of the genotypes S 7.1.3.3 and S$ 1.1.2.3. All relations were 
fertile. 

Data for the 3d Generation. Two hundred and ninety-five seeds from one 
capsule of 171-7 were planted in November. All these seeds were apparently 
normal and all sank when placed in water. Four weeks later there were at 
least two hundred seedlings of which twenty-five were selected at random and 
potted. They grew more slowly than 2n seedlings of the same date of seed 
planting. All were self-fertile. The few cross-relations that were tested were 
fertile. 

Another series was from the selfed seeds of a plant of the series 172. Two 
hundred and nine seeds were planted and about 175 seedlings appeared but 
there were irregularities in the time of germination. Thirty-six, including 
some of both the early and the latest to germinate, were potted. Twenty-five 
were tested. All were tetraploid and self-fertile, and all of the several cross- 
relations that were tested were fertile. 

Data for Plants of the 4th Generation. The members of series 331 (figure 
38) were of the fourth generation obtained by successive self-fertilizations of 
a line descended from the tetraploid branch of S 1.1.2.2. Ninety seeds were 
selected at random from the seeds of a selfed capsule and planted on Jan. 24, 
1947. On Feb. 17 there were 75 seedlings and only three appeared later. 
Twenty-five which were selected at random and the three of late germination 
were grown to maturity. All were self-fertile and all of various tests with 
other 4n’s were fertile. The special tests of the relations of the members of 
this series with 2 genotypes are reported later. 

The Seedling Progeny of S 2.2.3.3. Series 327. This series was a first 
generation from selfed seeds of the original 4n branch of the diploid plant 
155-19 which was S 2.3. Twenty-five plants were potted but four died of root 
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rot. Figure 34 shows the variations in habits of growth trom the extremes of 
dominant axial growth to dominance of laterals. Each plant was tetraploid 
and self-fertile. Members of this genotype were tested in reciprocal relations 
with plants of § 1.1.2.2 and S 1.1.3.3 and found fully fertile. Also there were 
special tests in syngenic and disgenic relations with 2n genotypes (figure 40) 
which indicate that all of the plants which were tested were diallelic and pos- 
sessed both S2 and S3 factors. 

Progenies of Unknown 4n Genotypes. Data. Four progenies were 
grown from selfed seeds of flowers on the original tetraploid branches of four 
seedlings of series 139. The parents were not kept in propagation and the 4n 
seedlings were discarded after they were tested. The data for these four series 
are as follows: series 143, parent was 139-25, twelve members; series 144, 
parent was 139-27, thirty members; series 147, parent was 139-41, twenty- 
one members; series 218, parent was 139-30, fifteen members. Every plant 
was tetraploid and self-fertile. From 100 to 278 cross-relations in a series were 
tested and found fertile. At least three of each series were tested with mem- 
bers of each of the other series, with the 4n ramets of 139-12 (S 1.1.3.3) and 
139-40 (S 1.1.2.2), and with 4n seedlings of series 142. There was fertility 
in every relation. 

Data for Triallelic Progenies. Series 160. The parentage of this series 
was 139-40 (S§ 1.1.2.2) x 139-12 (S 1.1.3.3) which were ramets of original 
tetraploid branches. Forty-five seedlings were grown. All were typically 4n 
and self-fertile. Twenty-nine were included in 217 tests for cross-relations all 
of which were cross-fertile; 24 were female parents and 22 were pollen par- 
ents in tests with the two parents and all relations were fertile. 

Series 222. The parents of this series were 139-12 (S 1.1.3.3) x 157-20 
of S 1.1.2.2 parentage. The 24 members were all self-fertile and typical of 4n. 
Some cross-relations among the members of the series, with the parents, and 
with other 4m were tested and all were fertile. 

The Fertility of the Tetraploids. Self- and Intra-Cross Fertility. The 
tests were sufficiently extensive and the results fully definite to prove that each 
of the seedlings which were grown from seeds of either self- or intra-cross 
relations of any 4n plant was not only self-fertile but also cross-fertile with 
any other 4n. Even after four generations of selfed progenies all individuals 
were 4n and every plant produced viable seeds to self-pollination and to any 
cross-pollination. If there were any self- or cross-incompatibilities they were 
hidden. Also if there were any gametes, sperm cells or egg cells that possessed 
other than 2n chromosomes these did not function in the fertilizations that 
gave the selfed or crossed progenies. There was an inactivation of the incom- 
patibility mechanism which was derived from the diploid parents and this con- 
dition allowed the basic mechanism of reproduction to effect fertility in all 
the selfing and intra-tetraploid relations. There were no segregations such 
as were reported by Atwood (1944 a, b) of mating groups in the 4n of 
Trifolium repens. There were no self-incompatibilities of any tetraploid seed- 








STOUT: REPRODUCTION IN PETUNIA $1 


ling such as Howard (1942) reported in tetraploids of Brassica and Raphanus 
and such as Hecht (1944, 1949) reported for tetraploids of Oenothera 
rhombipetala. Lewis (1947) has reported that none of the numerous seed- 
lings of 4n Oenothera organensis were fully self-fertile. In the progeny of a 
prematurely selfed diploid plant of a garden variety of Petumia, Kostoff and 
Kendall (1931) obtained one tetraploid plant that was “ self-sterile ’’ but the 
16 tetraploid members in a progeny that was obtained when this 4n plant 
was crossed with a 2n plant were self-fertile. The significance of these dif- 
ferences in the behavior of tetraploids derived from self-incompatible plants 
will be discussed later. 

The Evaluation of Capsules and Seeds. The well-developed capsules of 
all 4n plants obtained in self- and cross-relations were larger than the capsules 
of 2n plants and the walls were somewhat thicker but the surface area of the 
placenta was at least equal to that of the capsules of 2n plants. 

The number of apparently normal seeds in the typical capsules that were 
studied ranged from 12/7 to 583, with an average of 341. The average for 
capsules which were examined of the F, of S 1.1.2.2 was 322; for the F, of 
S 1.1.3.3. it was 257; for the F. and Fs combined the average was 255; and 
for the triallelic series the average was 291. In most selfed capsules that were 
examined there were no more than ten shrivelled and empty seeds in a 
capsule. Otherwise the seeds were plump and most of them had an endosperm 
and embryo. The majority of these seeds were somewhat larger than the 
largest seeds of any 2n P. axillaris (figure 42 L), and they were more 
spherical, because, it is believed, the seeds were less crowded on the placenta. 
There was always a high percentage of germination. Frequently when 300 
seeds were planted as many as 250 seedlings were obtained, but the ger- 
mination was usually somewhat slower and more irregular than that of the 
seeds of 2n plants of P. axillaris. Possibly the matter of a rest period was a 
factor in the germination of both 2m and 4n seeds. 

There were always from 100 to 200 scale ovules (figure 41 K) along 
with the highest numbers of seeds. As a rule these were scattered at random 
over the placenta and were placed between the good seeds. In their appearance 
these scales were like those seen in the capsules of hybrids and various poly- 
ploids. Such ovule scales were few and apparently only incidental in well- 
developed capsules of 2n plants of P. axillaris. 

The potential fertility of the tetraploids, judged by the number of normal 
seeds and scale ovules in the capsules, was less than that of 2n plants. The 
number of ovules in an ovary was not much different but a greater number 
of them aborted. Approximately one-fourth of the ovules in tetraploids did 
not function in seed production. It is considered that this was due to abortions 
in macrosporogenesis or to abortion of zygotes. 

The Evaluations of Microsporogenesis. Microscopic studies of the stages 
of microsporogenesis were made of smear preparations stained with aceto- 
carmine. In all 2n P. axillaris there was very uniform pairing of all of the 
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seven homologs and four microspores, each with a complement of seven 
chromosomes, were very regularly formed from a_ pollen-mother-cell and 
aborted microspores were few and incidental. 

Microsporogenesis was studied in the original tetraploid clones of 
S 1.1.2.2 and S§ 1.1.3.3 and S 1.1.2.3 and in several seedlings of each of the 
generations. The number of cells that were formed from a pollen-mother-cell 
were often more than four and the highest number observed was eight. A 
total of 161 pollen-mother-cells in the anthers of a plant of 4n S 1.1.3.3 (139- 
12) were evaluated during the late stages of spore delineation. There were 
94 which produced four microspores that were very uniform in size. In 
diakenesis the majority of the chromosomes were in pairs; but also groups of 
four were observed. It was evident that in all of the 4n plants that were 
studied a majority of the pollen-mother-cells produced four microspores. 

At the late stages of the first meiotic division a separation of 14 and 14 
(each with two chromatids) was often observed. In the late stages of the 
second meiotic division cases were found in which each of the four nuclei de- 
rived from a single pollen-mother-cell had 14 chromosomes. but frequently 
the four young microspores were uneven in size and in the number of 
chromosomes. Supernumerary microspores were frequent. Of the 161 pollen- 
mother-cells that were especially studied, 94 produced 4 spores each, 31 
produced 5, 32 produced 6, 2 gave 7, and 2 gave 8. In some of the smallest of 
these, less than 7 chromosomes were counted. There were also some giant 
cells which contained more than 74 chromosomes. 

The Evaluation of Pollen. At the time of the normal dehiscence of the 
anthers the dry pollen of the tetraploids showed much variation in size and 
shape (I & J in figure 50). In comparison with pollen of the diploids there 
were more undersized empty and aborted grains, some of larger sizes and 
many that were quadrilete in shape. 

When the pollen of 4n’s was placed in glycerine jelly and stained with 
magenta and menthyl green, or were placed on sugar-agar media for tests of 
germination, the grains which contained cytoplasm soon swelled to their full 
or nearly full size. In such preparations the normal grains of 2m and 4n plants 
always stood on one of the two ends where the sutures converged. This placed 
the equatorial plane parallel to the eye and hence all the pores were in view. 
It must be that the normal pollen grains have a center of gravity nearer to 
one end. When pollen grains were alinost distended the equatorial cross- 
section view was three-sided, four-sided, or even five-sided according to the 
number of germinal pores. Special evaluations of pollen in glycerin-jelly 
stains were made for seventeen 4n plants and sugar-agar mounts were made 
for some twenty-five others. 

The percentage of aborted grains in the mounts ranged from 11 to 39. 
In size the equatorial diameter of grains that had contents ranged from 30.4 p 
to 47.5 p». In one preparation (of 331-8) there were eight pollen grains with 
five pores each, but otherwise such grains were rather rare. Many grains, 
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and possibly a majority in some plants, had four pores and when such grains 
were not fully distended they appeared almost square in outline. About half 
of the grains which had contents were trilete and usually, but not always, 
smaller than the quadrilete grains. 

The data that were obtained indicated that the degrees of abortions of 
pollen were fully as great in the later generations of 4n plants as in the 
earlier ones. The abortions in members of the fourth generation were as high 
as 39 per cent and there was also no greater uniformity in the size and shape 
of the pollen. Numerous tests of the germination of pollen of 4n plants were 
made on sugar-agar media of 1 gram agar, 100 ml. water, and 5, 10, and 15 
per cent cane sugar. The percentage of grains that were germinated was 
lower than that of pollen of 2n plants of P. axillaris. Both trilete and quad- 
rilete grains germinated. 

The Occurrence of Four-Pored Pollen Grains. Ferguson and Coolidge 
(1932) report that the poilen of two cultivated tetraploid petunias had some 
four-pored pollen grains and that the size of the pollen ranged from 49 yp io 
58.5 » while the largest grains of diploid P. parodu (called P. axillaris) 
were 49.95 » in diameter. The occurrence of four-pored pollen of tetraploids 
that were derived from diploids whose pollen is wholly or usually three- 
pored has frequently been observed. In one report (Warmke & Davidson 
1943) it is stated that diploids had “as little as 1% of four-pored pollen and 
the tetraploid as high as 90% of such grains” and also the following state- 
ments were made: “it has been the opinion of various workers that this 1n- 
crease of pore number results from a different arrangement of the four 
microspores within the wall of the microspore mother cell. It has been 
postulated that the three germ pores result from a tetrahedral arrangement 
of the spores in the tetrad, and that the four-pored condition results from a 
square or rhomboidal arrangement. . . . Preliminary studies by Dr. Kaiser 
indicate that there is not sufficient difference in the arrangement of spores 
within the tetrads of the tetraploid to account for more than a fraction of the 
four-pored pollen grains observed, and suggest that factors other than tetrad 
arrangement are of importance in determining germ-pore number.” 

In the pollen of 2n plants of P. arillaris no quadrilete grains were 
observed but in the tetraploids there was a majority of such grains. This 
condition was evidently associated with the increase from 14 to 28 chromo- 
somes in the pollen-mother-cells, but it seems evident that not all the pollen 
grains which had four pores had 14 chromosomes. 

Pollen-Tube Growth in Pistils. A study was made of pollen-tube be- 
havior after normal self-pollination of a ramet of the tetraploid 139-12 
(S 1.1.3.3) and also of a selfed seedling of series 142. In all cases many tubes 
were near the base of the style 32 hours after the pollination and at 46 and 
48 hours there were numerous tubes in the chamber of the ovary and some 
were traced into the micropyles of ovaries. 

Fertilizations. Every individual that was grown of all the selfed and 
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intra-bred progenies of the 4n plants was evidently tetraploid. This indicated 
that each of the egg-cells and sperms that functioned in such relations had 
two sets or genomes of chromosomes. That there were some pollen grains, 
and possibly also egg cells, that had one set of chromosomes is certain. These 
did not function in the self- and cross-reproduction of the 4n plants. That 
some of such gametes may function in certain other relations will be shown 
later. 

The Reactions between 4n and 2n Genotypes of P. axillaris. / he Ear- 
lier Reports. The preliminary reports (Stout & Chandler 1941, 1942; 
Stout 1945a) were based on the resultants which involved the flowers of a 
4n branch, or clone derived from it, and the flowers of the 2n plant or clone 
from which the particular 4m was derived. In all such relations the ¢n x 2n 
relation was completely sterile in that capsules did not begin to develop but 
the 2n x 4n relation gave fine capsules which contained many seeds of good 
size. But the later evaluations of such seeds revealed that very few had an 
embryo and endosperm. They were “ pseudoseeds ” and the development of 
the capsule was chiefly a stimulated parthenocarpy. This was a new feature 
of sterility not observed in the diploid species or in any of the 2n hybrids that 
were grown. 

Disgenic and Syngenic Relations. In 1944 it was determined that a 
4n x 2n relation would give capsules and many pseudoseeds when the pollen 
member possessed at least one S factor not present in the 4m member. When 
there are no S factors common to both the pistil and the pollen a relation may 
be called fully disgenic. When only one factor of a pollen member is also 
present in a pistil member (S 1.2 x S 1.3 or S 1.1.2.2 x S$ 1.3) the relation is 
disgenic for one S factor and syngenic for the other. The term “ fully syn- 
genic ’’ may be applied to a 4n x 2n relation in which the pollen member has 
all the S factors present in the seed member. In these relations the reactions 
were between 4m pistils and » pollen tubes. The same terms may be applied 
to the 2n x 4n relations in which the reactions are between 2n pistils and 
segregations in pollen of which many are known to be 2n. 

The original clones of S 1.1.2.2 and S 1.1.3.3 were kept in vegetative or 
clonal propagation and in 1945 a tetraploid clone of S 2.2.3.3 was also 
obtained. There were also clones of three or more selfed seedlings of each of 
the original tetraploids and also some of each of the later generations of 
seedlings. These were very fully tested in reciprocal relations with both the 
heterozygous and the homozygous genotypes of P. arillaris. All 2n x 4n 
relations gave parthenocarpic capsules, pseudoseeds, and a few normal seeds. 
But the 4m x 2n relations gave differential resultants for which special tests 
were made of the members of three series which will now be reported. 

The 4n x 2n Reactions of Series 331. This series was of the fourth 
generation of successive selfing beginning with the original somatic tetra- 
pioid of § 1.1.2.2. With S 1.1 and S 1.2 testers (figure 38) there was com- 
plete sterility; with testers of S 3.3, S 1.3, S 2.3, and S 4.5 there were cap- 
sules, pseudoseeds and an occasional good seed. 
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Fic. 38. A selfed progeny of S 1.1.2.2 produced no capsules to pollen of the 2n 
pollen parent, but when the 4”  2n relation was disgenic for one class of pollen there 
were large capsules which contained many pseudoseeds and few viable seeds. Fic. 39. 
The reactions of the progeny of selfed S. 1.1.3.3 indicate that each member had at least 
one factor of both S J and S 3 and was diallelic (S 1.1.3.3). 


The 4n x 2n Reactions of Series 329 This series was a second generation 
of selfed progenies derived from the original branch of S 1.1.3.3. The re- 
sultants (figure 39) were, without an exception, complete sterility in every 
relation with pollen of S 1.1, S 3.3, and S 1.3 but with pollen of S 1.2, S 2.3, 
and S 4.5 there were capsules, pseudoseeds and some good seeds. 

The 4n x 2n Reactions of Series 327. This was a progeny of the first 
generation obtained by selfing the original branch of S 2.2.3.3. The members 
were sterile with pollen of S 3.3 and S 2.3 but with pollen of S 1.1, S 1.2, 
S 1.3, and S 4.5 there were capsules, pseudoseeds and a few good seeds 
(figure 40). 

Evaluations. For the 4n x 2n relations, capsules and seeds were obtained 
only when a relation was disgenic for at least one S factor. The capsules were 
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usually equal in size to those produced by 4m plants to self-pollination. The 
number of seeds of full size in the well-formed capsules ranged from 175 to 
514, but many of them were more or iess collapsed. There were also numerous 
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Fic. 40. The reactions of a progeny of selfed S 2.2.3.3 indicate self-fertility, cross- 
fertility with any other autotetraploid, cross-incompatibility with a fully syngenic 2n ¢, 


and capsules with mostly pseudoseeds when the 2n ¢ was syngenic for at least one 


S factor. 

ovule scales, and their relative number corresponded closely to those of the 
selfed capsules. Dissections revealed that the collapsed seeds and most of the 
plump seeds were empty but that a few seeds were normal and from them a 
total of 31 seedlings were grown. 
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Capsules of the 2n x 4n relations were obtained in any syngenic or dis- 
genic relation. Figure 41 J shows seeds that were typical of those obtained in 
the disgenic relation of § 1.2 x S 1.1.3.3. The number of the pseudoseeds and 
good seeds ranged from 234 to 485. Many of them were collapsed and many 
of the plump seeds had no embryo. In one test seventy-five plump seeds in a 
capsule of S 1.3 x S 1.1.2.2 were planted: three germinated. 

The 4n x 2n reactions involved 4n tissues of the pistil and haploid pollen 
tubes. The reaction was one of sterility whenever the 4m pistil contained an 
S factor for which the diploid ¢ ¢ plant was homozygous (as S$ 1.1.3.3 x 
§ 3.3) or whenever a ¢ 6 member had both of the S factors of a 2 9 
member (as S 1.7.3.3 x S 1.3). These resultants indicate that an incom- 
patibility reaction occurred in the syngenic relations of 4 pistils and nm pollen 
tubes. But in all disgenic relations of 4n x 2n there were parthenocarpic 
capsules, pseudoseeds, and a few normal seeds. Possibly there was incom- 
patibility reaction for the tubes that possessed an S factor. But there was only 
limited functioning of those tubes which had no common S factor. The 4n x 
n resultant of feeble or limited fertility expressed a new specificity of the #1 
tissues 1n comparison with the 2n tissues of the same genotype. 

The reciprocal 2n x 4n relation involved 2n pistils and pollen that was 
chiefly 2n but of which some grains were haploid. Hence a selective action 
was possible. The analysis of the members grown from seeds of the 4n x 2n 
in regard to their chromosomes and reactions in critical relations will provide 
evidence on the kind of gametes that functioned in their production. 

The new specificity of the 4m is, in part, displaved in the change to sel!- 
and unrestricted inter-fertility and in the almost complete failure to 
“ hybridize ” with the diploids of P. avillaris. 

The Interspecific Relations of Tetraploid P. axillaris with Diploid P. 
parodii. Data for the Tetraploids as Females. Fifty-two of these relations 
were tested and all were fully sterile to the degree that capsules did not start 
to develop. Some members of all the different tetraploid genotypes were in- 
cluded in the tests and members of three different progenies of P. parodu 
were used as pollen testers. 

Data for the Tetraploids as Pollen Members. These tests invelved thirty- 
two seedlings of P. parodu and members of the genotypes S 1.1.2.2, S 1.1.3.3, 
S 2.2.3.3, and § 1.1.2.3. In every relation capsules of good size were obtained 
and the numbers of seeds in the typical capsules that were evaluated ranged 
from 161 to 836. In capsules which had the higher numbers there were 
relatively few scale ovules. The seeds were all, or nearly all of full size, but 
at least one-fourth of them were collapsed and empty. Many of the plump 
seeds had embryo and endosperm and were viable. Seedlings were grown to 
flowering age but not studied. Presumably these plants were triploids. 

Evaluation. The hybridization of 4n P. axillaris with 2n P. parodiu was 
one of sterility when P. parodi was the pollen parent but one of fertility in 
the reciprocal relation. These unilateral reactions corresponded to those of 
diploid P. axillaris with P. parodii. 
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The Interspecific Relations of Tetraploid P. axillaris with P. integri- 
folia. Data for P. integrifolia x 4n P. axillaris. In every test there was 
complete sterility; the ovaries did not begin to enlarge. The tests included 
ramets of the Kew clone and Kew subclone, twelve seedlings of S a.b, 
four of S a.a, and three of S b.b, and about twenty-five seedlings of each 
of the genotypes S 1.1.2.2 and S 1.1.3.3, and some of S 2.2.3.3 and 
S 1.1.2.3. The sterility corresponds to the unilateral sterility of ?. integrifolia 
x diploid P. axillaris. 

Data for the Rectprocal Relation. Numerous tests were made of this 
relation. Pollen was used of all clones and genotypes of P. integrifolia with 
some of all the different tetraploid genotypes. At least half the pollinations 
entirely failed and there were numerous tiny capsules with no seeds of any 
size. Only twelve capsules with seeds were obtained. The number of * seeds ” 
in the five best capsules ranged from 50 to 253, but most of them were col- 
iapsed and these were of various sizes intermediate between scale ovules and 
full-sized seeds. The best capsule was about one-third the size of the typical 
selfed capsules of the 4m. It had 120 almost globular seeds, 133 shrivelled 
pseudoseeds, and about 200 scale ovules that could be counted. All the seeds 
were planted in soil. Six weeks later one seedling appeared and at ten weeks 
there were eight which were grown to maturity (series 1/0). 

Thus the unilateral hybridization resultants seen in the relations of 2n P. 
axillaris with P. integrtfolia were maintained in the corresponding relations 
of 4n P. axillaris. 


SUMMARY AND CONCLUSIONS 


Self- and Cross-Fertility. The eighteen series of selfed 4n progenies 
comprised 720 individuals. Each plant was self-fertile. Several thousand cross- 
relations between members of a series, members of different generations, and 
members of different genotypes were tested and every one was fertile. 

The three factors S 1, S 2, and S 3, were inactivated in all the self- and 
cross-reactions of 4n plants, at least in the functioning of certain of the 2n 
pollen tubes. 


Explanation of figures 41 and 42 


Fics. 41 and 42. Unless otherwise stated the photomicrographs of these figures 
are approximately 8 x. A, typical seeds of 2n P. axillaris; B, scale ovules of the 0 class 
that are few in cross-fertile relations of 2n P. axillaris. C, typical seeds of P. parodis; 
D, seeds of P. integrifolta of S aa * S b.b; E, seeds of an Fs AI hybrid; F, seeds 
of an Fi PA hybrid; G, seeds of a triploid AAI, of premature selfing, and H, ovule 
scales; I, seeds of AAA X AA, of a fully disgenic relation, but very few will germi- 
nate; J, pseudeseeds of 2n (S 1.3) & 4n (S 1.1.3.3) P. axillaris, about 12 X, and K, 
scale ovules that were present but not numerous; L, seeds of selfed AAAA, that were 
larger and more spherical than seeds of AA shown by A; and M, scale ovules that were 
abundant; N, seeds of the original somatic double triploid AAAAII, and O, scale 
ovules that were abundant; P, seeds of a 6n seedling; Q, seeds of a pentaploid seediing 
obtained from 6n & 4n; R, seeds of an aneuploid of sn: 31; S, seeds of a triploid AAI 
(S 1.3.5) K AAAA (S 1.1.3.3). 
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Potential Fertility. In the tetraploids there was abortion of approxi- 
mately one-fourth of the pollen and ovules (presumably of macrospores) and 
this did not decrease in the Ist, 2nd, 3rd, or 4th generations that were grown. 
Yet all the tetraploids had a potential fertility that gave an average of about 
400 viable seeds per capsule which was ample for continued reproduction of 
the tetraploid constitution. 

Genotypic Constitution. Fevery member of every selfed and cross-breed 
progeny of 4n parentage was tetraploid. This indicated that all the egg cells 
and sperm cells that functioned in this reproduction were diploid. 

The resultants of the tests with different 2n genotypes of P. axillaris 
definitely indicate that the diallelic constitution of each original tetraploid 
obtained by doubling S 1.2, S 1.3, or S 2.3 was maintained in all of its selfed 
progenies, and for S 1.1.2.2 there were four generations. The tests of 4n x 2n 
reactions in syngenic and disgenic relations were critical and definite for this 
analysis. Such uniformity in constitution could result from the preferential 
pairing and disjunction of chromosomes that carried the same S factor or 
from the selective functioning of only heterogenic pollen. 

One seedling progeny was grown from S$ 1.1.2.2 x § 1.1.3.3 and one of 


4 


§ 1.1.3.3 x § 1.1.2.2. These plants were presumably S$ 1.1.2.3, but no further 
generations were obtained. 

Specificity. The autotetraploids of P. axillaris possessed several funda- 
mental features of specificity. (1) They had distinctive vegetative and floral 
characters, and they were self- and intra-cross fertile. (2) There was 
stability in their reproduction. They bred true to their own type. (3) They 
exhibited a physiological barrier to hybridization with 2n P. axillaris which 
was almost complete in that few seeds with an embryo were formed. Thus 
when such a tetraploid arises, even as a somatic branch, it can maintain an 
efficient and almost completely independent reproduction even if the progenies 
grow beside members of the parental diploid species. 

The Inactwation of S Factors. The inactivation of S factors in the 
pollen-tubes of the self-fertile tetraploids that are derived from self-incom- 
patible diploids has been conceived to be due to a competition between two 
different S$ alleles that are present in nuclei of the pollen-tube (Lewis & 
Modliboroska 1942; Lewis 1947). Also the basis of the incompatibility 
reaction is assumed to be an antigen-antibody reaction (Lewis 1943a). Ac- 
cording to this view tetraploids that were monoallelic (as S 1.1.1.1) would 
be self-incompatible and also monoallelic diploid pollen (as S 1.1) of a 
tetraploid plant (as S 1.1.2.2) would be incompatible in selfing. The efforts 
to obtain monoallelic tetraploids by colchicine treatment of P. axillaris S 1.1 
and § 3.3 were unsuccessful and hence critical experimental tests of such 
plants were not possible. But the data indicate that all tetraploids which were 
obtained of P. axillaris were either diallelic or triallelic and fully self-fertile 
which supports the view that there is inactivation of S factors in heterogenic 
pollen tubes. It is also to be recognized that certain reactions in tetraploids 
may involve dominance and modifying influences. 
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(CHAPTER 9, PROGENIES OF CROSSES BETWEEN [TETRAPLOID 
AND Dipcoip Petunia axillaris 


Data for the Seeds and the Seed Plantings. Sceds of Syngenic 2n x 
4n. Several hundred capsules obtained by controlled pollinations of S 1.2 x 
S 1.1.2.2, of S 1.3 x S 1.1.3.3, and of S 2.3 x S 2.2.3.3 were examined. There 
were always numerous seeds of good size but nearly all were somewhat 
shrivelled (figure 41 J). Many of these seeds were dissected but no embryos 
were found. The best-looking seeds selected from about 10,000 of these seeds 
were planted to the number of 2,879 but no seedling appeared above the soil. 

Seeds of disgenic 2n x 4n. Approximately 2,500 seeds were planted of 
S 1.1 x § 1.1.2.2 and § 1.1.3.3, of S 1.2 x S 1.1.3.3 andS 1.1.2.3, and of S 1.3 
x S 1.1.2.2 and S$ 1.1.2.3. Only three seedlings were obtained and these were 
of S 1.3 x § 1.1.2.2. The capsule which provided these seedlings contained, 
it was estimated, 350 seeds of good size of which only 30 were judged to be 
fully plump. Three of these seeds germinated but one seedling died early. 

The Fully Syngenic Relations of 4n x 2n. These relations were so fully 
incompatible that capsules did not start to develop. In the early tests (Stout & 
Chandler 1941) flowers of each 4n branch were tested with pollen of flowers 
on the diploid part of the same piant. All such relations failed to give cap- 
sules of any size. Later it was found that all of the selfed seedlings of any 4n 
plant were also 4n and completely incompatible to the pollen of the parental 
2n clone and to all pollen of any member of the same genotype. The haploid 
pollen was incompatible in any syngenic relation with ? @ tetraploids. 

Seeds and Seedlings of Disgenic 4n x 2n. Any disgenic relation of 4n x 
2n, in which the male member possessed one or more S factors not present in 
the female member, gave fine capsules and numerous seeds of full size. But 
dissections and germination tests revealed that not more than one in fifty of 
these seeds had an embryo and endosperm. A total of 2,448 of these seeds 
were planted in soil and twenty-seven seedlings were obtained and grown to 
maturity. 

Data for the Chromosome Numbers in the Seedlings: figure 59. TJhe 
2n x 4n Progeny. One member had 18 chromosomes and one had 28. It 1s 
probable that the egg cells of the diploid 9 9 parent carried one set of 
chromosomes and that the plant which had 78 chromosomes received eleven 
from the 4m ¢ g parent. There is a possibility that the seedling which had 
28 chromosomes grew from a stray seed that was included by error, but 
possibly an egg-cell was 3n. 

The Progeny of 4n x 2n. Nine of these plants had 74 chromosomes, one 
had 78, and seventeen had 2/7. Hence it seems rather certain that the 47 2 9 
had produced some egg cells with 7 and 17 chromosomes, as well as egg cells 
with 14 chromosomes, which had functioned with haploid male gametes of 
the diploid parents. Rev. Dr. T. D. Sullivan (1947) determined the chromo- 
some members of 16 of these plants. Miss Selma Kojan and the writer 
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determined the others by studies of the smear mounts of pollen-mother-cells 
in stages of meiosis. 

Data for the Diploid Members. The Nine Diploid Members of S 1.1.2.2 
x § 1.3 All were self-incompatible and otherwise like diploids of intra- 
specific breeding. Two died before tests of cross-relations were made but 
the tests showed that four members were S 7.3 and three were S 1.2 (figure 
43). It seems certain that the four plants that were S 1.3 had received S 3 
from a pollen tube and that haploid egg cells of the 4n 92 9 parent which 
carried S 7 had functioned. In each of the fertilizations that resulted in S 1.2 
embryos, a sperm that carried S J must have fused with a haploid egg cell 
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Fic. 43. The reactions are indicated for the diploid members of the progeny of 
2 2i22 %X $ 4.3. 


that carried S 2. The S 1.1.2.2 x § 1.1 relation was one of complete sterility 
but S 1.7.2.2 x S 1.3 gave capsules and a few normal seeds and evidently at 
least three pollen tubes that carried § 7 had functioned along with some that 
carried S$ 3. But there were no seedlings in the progenies that were obtained 
that were either S 1.7 or S 3.3. 

The selfed progenies of tetraploids consisted of tetraploids only. The ap- 
pearance of some diploids in these 4n x 2n progenies demonstrated that the 
tetraploids produced some haploid macrospores and female gametes that 
could function in certain relations other than selfing. The occurrence of 
diploid plants in the progenies of 4n x 2n relations in petunias has been 


noted by © thers. 








Q4 MEMOIRS OF THE TORREY BOTANICAL CLUB 


Data for the Triploid Members (AAA): figure 44. C/iaracter of the 
Plants. The seventeen members that were known to be triploids were some- 
what more robust than the diploids of P. axilaris but less robust than the 
tetraploids. 

Character of the Pollen. The pollen of twelve of these triploids was 
evaluated. There were abortions of from 25 to 50 per cent of the microspores. 
The size of the pollen grains that had contents ranged from 28.5 to 45.6 p 
while that of tetraploids ranged from 32.3 to 47.5 ». The majority of the 
grains were trilete and quadrilete grains were less numerous than in the 
pollen of tetraploids (figure 49, G, H). 

Meiosis. In the several plants that were studied the stages of meiosis 
showed univalent, bivalent and trivalent grouping and the last named were 
often in chains, rings, and various irregular bridge configurations. In the 
first anaphase there were frequent distributions of 8 and 13, 9 and 12, and 
10 and 11 chromosomes (as pairs of chromatids) and there were also many 
cases of lagging chromosomes with scattered and irregular distributions. In 
the second division there were chromosome groups of 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, and 15 and the numbers of microspores formed from a pollen- 
mother-cell were 3, 4, 5, 6, and 7. 

The Potential Fertility of the AAA Triploids. The potential fertility of 
these plants was evaluated by the production of seeds in typical capsules 
obtained in fully disgenic relations with diploid plants of P. axillaris that 
were S 4.5 and § 5.6. The numbers of large-sized and plump or almost plump 
seeds in eight capsules were 398, 449, 449, 497, 507, 573, 581, and 661. The 
highest number of shrivelled or collapsed seeds in any of these capsules was 
79. Numerous dissections revealed that at least half of the plump seeds had an 
endosperm and an embryo. There were at least 200 scale ovules intermingled 
with the seeds on the placenta of a capsule. Thus the ovaries of these triploid 
plants of P. axillaris had an average of about 700 ovules and in fully disgenic 
relations with diploid P. axillaris at least half of them formed seeds of full 
size but of such seeds about half possessed endosperm and embryo. Thus at 
least 20 per cent of all ovules produced seeds that had contents. 

Self- and Cross-Incompatibilities: figure 44. Each of the seventeen trip- 
loid plants was self-incompatible to normal self-pollinations. Thirteen of them 
were propagated and used in numerous tests. In most of the cross-relations 
between these triploids no capsules were formed, but in fifteen relations, 
indicated in figure 44 by the letter “ C,” there were small poorly developed 
capsules which usually contained only small scale ovules. 

Reactions of Triploids «with Diploids. There was complete incom- 
patibility with pollen of P. axillaris of the genotypes S 1.1, S 3.3, S 1.3, and 
S 2.3 except that with pollen of S 2.3 there were occasionally small capsules 
that contained only scale ovules or a few shrivelled seeds. But with pollen of 
S 4.5 and § 5.6 there were fine capsules with seeds whose quality is noted 
above in the statements regarding the potential fertility of the triploids. The 
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resultants indicate that as female members these triploids had incompatibility 
reactions with any syngenic haploid pollen but that there was the best 
production of seed possible for them when haploid pollen was disgenic. 

The reactions of the triploids as male members with diploids as female 
members were very fully tested. Capsules of good size which contained 
numerous plump seeds that had endosperm and embryo were obtained with 
99 S$ 4.5 and S 5.6. But the number of such seeds per capsule was notice- 
ably less than that obtained when the same female members were crossed 
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in disgenic relations with other diploids (as S 1.3). In all relations with 
S 1.1, S 3.3, § 1.2, § 1.3, and S 2.3 as 9 ? and these triploids as $ ¢ there 
were either complete failures or poor capsules which contained few collapsed 
seeds. 

The Genotypic Constitution of the AAA Triploids: figure 44. On the 
basis of the reactions of self- and intra-cross-incompatibility and of the 
reactions with ¢ ¢ 2n, all of these AAA triploids were S 1.2.3. Six were of 
S$ 1.1.2.2 x S$ 1.3 parentage and evidently egg-cells that carried S 1.2 had 
been fertilized by sperms that carried S 3. Six were from S 1.1.3.3 x S§ 1.2 
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and for these presumably S$ 7.3 eggs and S 2 sperms had fused. This analysis 
indicates that selective and hidden incompatibilities operated in the reactions 
of 4n x 2n. The S 1 pollen tubes were incompatible in pistils of S 1.1.2.2 but 
S 3 pollen tubes functioned. In the relation $ 7.1.2.2 x S 1.3 only S 3 pollen 
tubes functioned. 

It would seem that such relations as S 1.2 x S 1.2.3 would produce viable 
seeds with any S 3 pollen. But it may be that relatively few such grains were 
produced and that the number which may have functioned were too few to 
induce the development of capsules and viable seeds. 

It is to be noted that each of the AAA triploids that were obtained had 
three different S factors; none was monoallelic or diallelic. 

Reactions with 4n Genotypes. Nine of these 3n plants were tested with 
pollen of all of the four genotypes of 4m. All of these relations were syngenic 
in that no one of the pollen members possessed an S factor not present in the 
@ 2 member. In every relation capsules of good size were obtained but the 
highest number of seeds of good size in any of the twenty capsules that were 
examined was 118 and of these 87 were much shrivelled. Twenty seeds that 
were plump were dissected; only two had an embryo. Many of the capsules 
contained only shrivelled pseudoseeds and scale ovules. Since these triploids 
were § 1.2.3 there were no disgenic pollen grains either of » or 2n constitution 
in any of the 3 x 4n relations that were tested. The resultants of these 3n x 
4n relations were very like those of the 2m x 4n relations except that there 
was greater fertility in respect to the production of seeds with embryos. 

Of the reciprocal relations (4n x 3n), plants of S 1.1.2.2 and S 1.1.3.3 
were tested in 24 combinations with the pollen of triploids. All were complete 
failures except three which gave poorly developed capsules that contained 
only scale ovules. Since the 3n were S 1.2.3, these 4n x 3n relations were 
disgenic for one S factor. Yet the resultants were, with three exceptions, 
fully sterile and hence different from the comparable relations of 4n x 2n 
which were parthenocarpic and feebly fertile when the relations were dis- 
genic. 

The Members That Had 18 Chromosomes. Seedling 245-4. This 
plant had the parentage § 1.1.3.3 x S 1.2. Evidently an egg-cell that had 
eleven chromosomes was fertilized by a sperm that had seven chromosomes. 
This plant was self-incompatible. As a female it was cross-incompatible with 
S 1.1, § 3.3, § 1.2, S 1.3, and S 2.3. It was cross-incompatible with the four 
members of the 3n with which it was tested. Its reactions were the same as 
those of the S 1.2.3 triploids and it evidently had the same S factors. 

Seedling 220-1. This plant had the parentage S 1.3 x S 1.1.2.2. Pre- 
sumably it received eleven chromosomes from its male parent and seven from 
the female parent. It was self-incompatible; as a female it was incompatible 
with males of S 1.17, § 3.3, § 1.2, S 1.3, and S 2.3. Hence it was probably 
§ 1.2.3, in which case the male gamete of eleven chromosomes had carried 


both S 7 and S 2. 
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The Member That Had 28 Chromosomes. This plant was a typical 
tetraploid. It was fully self-fertile, incompatible with pollen of S 1.1 and 
§ 3.3, but parthenocarpic with S 7.2. Possibly it grew from a stray seed 
instead of one that had a parentage of S 1.3 x S 1.1.2.2. It is however possible 
that a pollen grain that functioned was 3n or that an egg cell was 2n. 

Reactions of the AAA Triploids with P. parodii and P. integrifolia. 
As females the triploids of P. axillaris were fully sterile with pollen of P. 
parodu but there were some capsules which contained some plump seeds when 
pollen of the Kew clone was used. In the reciprocal relations some capsules 
with seeds were obtained with ¢@ 2 P. parodii but no capsules formed with 
9 2 Kew clone. In these interspecific relations the 3n of P. axillaris behaved 
as did the 2n and the 4n of this species. There were at least some seeds which 
had embryos in the hybridization fertilities of 3n x Kew clone and of P. 
parodit x 3n., 


SUMMARY AND EVALUATIONS 


1. Of the 27 members of the progenies of 4n x 2n P. axillaris nine had 
fourteen chromosomes (2), one had eighteen (2n+4) and seventeen had 
twenty-one (3n). Thus it appears that the egg cells of the 4 female parents 
which functioned were haploid (n = 7) in 9 cases, n + 4 in one case, and 2n 
in seventeen cases. The one member of 2n x 4n which had eighteen chromo- 
somes probably received eleven of them from an egg cell of the 4m parent. 
The plant that was 4n was probably included by an error. 

2. All of the 2n, 2n + 4, and 3n members of these progenies were self- 
incompatible and there were intra-genotypic cross-incompatibilities. The S 
factors which had been inactivated in the self- and cross-relations of the 
tetraploids had resumed incompatibility reactions in the self- and intra-cross 
relations of the 2n, 2n + 4, and 3n members of the progenies. 

3. The diploids of the progenies were either S 1.2 or S 1.3; the two that 
were 2n + 4 and all that were 3n were S 1.2.3. Thus the haploid pollen tubes 
which had functioned in the 4n x 2n relations of the parents were those which 
had non-incompatible reactions. The 4m pistils had incompatibility reactions 
with haploid pollen; they did not have such reactions with their own diploid 
pollen which was heterogenic for S factors. 

4. All the triploids and the one plant of 4nx2n that was 2n+4 were 
triallelic, hence the diploid egg cells that functioned were heterogenic for S 
factors. This is additional evidence that the pairing of chromosomes in the 
meiosis of the balanced diallelic tetraploids of P. axillaris may have been 
autoallelic. 

5. The triploids obtained of P. axillaris were potentially fertile to a degree 
that about one-fourth of their ovules and pollen grains functioned in certain 
relations. The production of seeds which had embryos was highest when the 
pollen was fully disgenic (S 4.5). 

6. The sterility resultants between 3n and 2n of P. axillaris were effected 
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chiefly by incompatibility factors. There was fertility in the reciprocal re- 
lations with S 4.5, which were fully disgenic, and in these relations the degree 
of fertility was that of the potential fertility. Various of the 2n x 3n relations 
that were disgenic, as S J.J x S 1.2.3, should, it would seem, have given 
viable seeds provided there were viable pollen grains which carried only S$ 2 
or S 3. Possibly such pollen grains were not sufficiently numerous to effect 
the formation of capsules in such relations. 

7. The reactions between 3n pistils and the 2n pollen of self-fertile tetra- 
ploids are of special significance in considering (a) the nature of the in- 
activation of S factors and (b) the possible action of a new specificity in the 
triploids. The self-fertility of any 4n of P. axillaris is an expression of an in- 
activation of S factors. The view that this is due to ** competition ” (Lewis 
& Modlibowski 1942; Lewis 1943 a, 1947) postulates that there is mutual 
suppression of both S alleles in heterogenic pollen independently of the con- 
dition in the pistil. In this case such pollen should be incapable of an incom- 
patibility reaction in any pistil. 

8. Each triploid was self-incompatible, hence it either did not have any 
heterogenic diploid pollen or such pollen was involved in incompatibility 
reactions or was too limited in number to effect development of capsules. The 
resultants of the syngenic relations of 3n x 4n provide data on this matter. 
There were definitely fewer viable seeds in the 3n x 4n disgenic relations and 
also a much greater degree of induced parthenocarpy. There was higher seed 
production in the 3n x 2n syngenic relation than in the 3n x 4n relation 
hence it seems that 2n heterogenic pollen was less effective than non-incom- 
patible » pollen in relations with 3n pistils. 

9. It is to be recognized that the 3n x 4n resultants, as well as those of 
2n x 4n, probably involved abortions of zygotes after fertilization. Capsules 
were obtained which contained many pseudo-seeds. Seed abortion is known 
to be a barrier to the production of viable seeds in 4n x 2n and 2n x 4n 
relations, and especially between an autotetraploid and the diploid from which 
it was derived (see recent discussion in Brink & Cooper 1947). 

10. The triploids of P. axilaris displayed less specificity and less incom- 
patibility than did the 2n in reactions with 4n. Progenies of 3n x 4n were not 


grown. 


CHAPTER 10. THE TrRIPLOID HYBRID PROGENIES OF 
4n P. axillaris x 2n P. tntegrifolta 


The First Generation: Series 170; figure 47. Parentage and Character. 
The seed parent was S 1.1.3.3 and the pollen parent was the Kew clone 
(S a.b). Eight seedlings were obtained of the 253 seeds in one capsule that 
were planted; but it was determined that numerous of the seeds of this 
relation were empty even when they were plump and of good size. These 
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Fic. 45. A, branch, flower, and stamens and pistil of a triploid of AAI: S 1.3.b. B, 
hexaploid or double triploid of AAAAII. All comparable parts are larger in the 
hexaploid. Fic. 46. Flowers and stamens and pistil: A, triploid No. 247-3; B, penta- 
ploid No. 258-19; C, hexaploid No. 217-14; D, hexaploid No. 280-9. 
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plants were somewhat more robust than the F,; of 2n P. axillaris x Kew clone 
and they had coarser leaves, stems, and flowers but the width of the open 
corollas was about the same (figure 45 A). The position of the stamens was 
near that of the stamens of /. axillaris but the anthers and stigma were 
smaller, the throat of the corolla tube was broader, and the color of the 
corolla, anthers, and pollen was purplish. There were only slight differences 
in the shade of the coloring of the different members. One seedling died be- 
fore its chromosome number was determined; six had 27 chromosomes and 
one had 20. Hence six of the egg cells of the 4m parent which functioned had 
14 chromosomes and one had 73. 

Potential Fertility. All members had well-formed anthers that dehisced 
normally. Pollen was abundant but very irregular in size and about three- 
fourths of all grains were more or less shrivelled and many of these were of 
small size (F in figure 49). Most of the microspores that had contents were 
trilete ; a few were quadrilete. 

Kach of the seven plants produced large capsules in disgenic relations with 
both 2n P. axillaris and P. integrifolia. Frequently in each of these relations 
a capsule had between 300 and 400 seeds that were larger than seeds of 2n 
P. integrifolia and these were mostly plump and spherical like those shown 
in G of figure 41. There were some undersized and usually shrunken seeds 
and ovule scales were always numerous. When the seeds were placed in 
water, in numbers of 300 to 379 per capsule, only from eleven to twenty- 
eight seeds sank immediately. Those that floated were empty or had mere 
traces of contents. One hundred of the seeds that sank in water were dis- 
sected; 63 had what appeared to be a normal embryo and endosperm but 
most of the others had only endosperm. 

The six hybrid triploids and the member that was 3n — 1 were potentially 
able to function in the production of seed. Apparently there were two con- 
ditions that reduced the number of viable seeds. There were abortions of 
microspores and macrospores which effected a high degree of absolute sterility 
and there were seed abortions after fertilization in the relations with 2n. In- 
compatibilities enforced selective reproduction in the expressions of potential 
fertility. 

Self- and Cross-Incompatibilities: figure 47. Each of the seven seedlings 
was self-incompatible to normal self-pollinations at the time when the anthers 
of a flower were dehiscing. All intra-cross relations of the seven members 
were incompatible when pollinations were made on fully developed pistils. 
There was irregularity and some delay in the appearance of secretion on the 
stigmas, especially when the flowers were emasculated before anthesis and the 
pistils were prematurely exposed to the air. Some capsules and viable seeds 
were obtained in some of the close- and intra-cross pollinations that were 
made at the time when the flowers were opening, and seedlings were obtained 
from such seeds. 

Reactions with Diploid P. axillaris. All the members of this progeny, 
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except No. 5, were cross-incompatible with pollen of S 1.1, S 3.3, and § 1.3 
but fertile with pollen of S 1.2, S 2.3, and S 4.5. These resultants indicate 
that these seedlings had received both S J and S 3 from the female gametes of 
the parent that was S 1.1.3.3. Plant No. 5 was also fertile with pollen of S 7.3. 
and § 3.3 which suggests that it did not possess the factor S 3. The plant 
was, however, cross-incompatible reciprocally with all of its siblings. 

The relations of 2n P. axillaris as females with the 3n of Series 1/0 were 
fully tested and the tests were repeated in 1946. There was sterility with the 
females of the genotypes of S 1.1, S 3.3, § 1.2, S 1.3, and S 2.3. In all of these 
relations the triploid hybrids had at least one S factor not present in the 
female member. In 1947 these relations were tested again with also complete 
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Fic. 47. Pattern of the reactions of the six hybrid triploids (AAI) and the one 
paratriploid (3n — 1) that were seedlings of 4n P. axillaris « 2n P. integrtfolita. 


sterility except that occasionally the relation S$ 7.1 x S 1.3.b gave a small 
parthenocarpic capsule. But in 1947, tests were made with the genotype P. 
axillaris S 4.5 as females and every relation gave fine capsules and numerous 
seeds. In the spring of 1948 the tests were repeated for S 7.2 and S 1.1 x 170 
(S 1.3.6), all of which were sterile; and also for S 4.5 x S 1.3.b, all of which 
gave capsules and some seeds. 

Reactions with P. integrifolia. All members of series 170 produced fine 
capsules and some viable seeds to pollen of S a.b and S a.a but the ovaries did 
not begin to enlarge to pollen of S b.b. Evidently each seedling had received 
S 6 from the pollen parent (S$ 1.1.3.3 x S a.b) and this factor operated with 
efficient incompatibility with pollen of S b. 

The reciprocal relations were adequately tested and there was complete 
sterility as males with S a.b, S a.a, and S$ b.b. These sterilities cannot be at- 
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tributed to incompatibilities. The pollen of all these 3n and 3n — 1 hybrids 
reacted in these relations as did the pollen of pure diploid P. avrillarts. 
Evidently all the pollen of these plants possessed the genic complement of P. 
axillaris  é which effected sterility with any genotype of ?. integrtfolia in 
the hybridization relation. 

Reactions with Triploid P. axillaris, S 1.2.3. Twelve of the triploids of 
P. axillaris, of those listed in figure 45, were tested in reciprocal relations 
with the members of series 170. Seventy-two relations were tested 1n which 
plants of 170 were @ 2 members. Sixty-one tests were complete failures and 
in eleven tests there were some parthenocarpic capsules which contained only 
scale ovules and some pseudoseeds. Fifty-six relations were tested in which 
the S 7.3.5 plants were male and the $ 7.2.3 plants were female. There was 
complete failure in all but five relations which were parthenocarpic and 
pseudospermic. 

These 3n plants had some @ and ¢ gametes that were potentially able 
to function. The evidence indicates that the 3n pistils of these plants had in- 
compatibility reactions (a) with their own pollen tubes in selfing, (b) in all 
intra-genotvpic crossing, and (c) in reciprocal relations between the two 
triploid genotypes. The tests with diploids proved that S 7.2.3 pistils would 
function with haploid pollen tubes of S 4.5, and that pistils of S 1.3.b would 
function with pollen tubes of S 2 in relations with S 7.2. 

Reactions with 4n P. axillaris. All the members of series 1/0 produced 
capsules of good size to pollen of either S 7.1.2.2 or S 1.1.3.3. Fifteen capsules 
were evaluated. There were from 42 to 150 seeds of good size per capsule 
but very few of them had contents. Of 96 seeds in one capsule only three had 
contents; in another capsule of 127 seeds there were 18 that sank in water; 
of the 114 seeds in another capsule only eleven had contents. In the exami- 
nations it was noted that various amounts of endosperm were present in 
certain seeds in which there was no trace of an embryo. The number of 
normal and pseudoseeds per capsule which were obtained of plants of 170 x 
Kew clone was as high as 379 but no capsule obtained with 4m ¢ had more 
than 150 seeds. 

Fifteen relations of 4n P. axillaris x 3n of series 1/0 were tested. All were 
failures including those that were S 1.1.2.2 x S 1.3.b. Thus the 4n x 3n, 
S 1.3.6 was completely sterile in all relations and at least one test was made 
with a member of each of the three 4n genotypes as female with each of the 
members of 170. 

Reactions with Hexaploids. The relation of 3n (S 1.3.b) x 6n 
(S 1.1.3.3.b.b) was tested in 46 combinations. In all but five of the relations 
capsules of good size were obtained and there were numerous seeds of good 
size in some of which there was an embryo and endosperm. The 20 re- 
ciprocal relations of 6n x 3n (S 1.3.b) were complete failures except that 
three small parthenocarpic capsules were obtained. 

Reactions with P. parodu 2 2. As females the seven members of series 
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170 were sterile with pollen of P. parodit which was comparable to the 
reactions of the two diploid parents of series 1/0. Thus the members of the 
triploids of AAI constitution possessed the component which effected unt- 
lateral sterility in the AA @ 2 x PP ¢@¢ relation and also that which 
effected sterility in the II 9 9 x PP ¢ 64. 

Summary. 1. The relation of 4n P. axillaris x 2n P. integrifolia involved 
unilateral hybridization and differences in ploidy and the resultant fertility 
was one of reduced seed production. 

2. There were no diploids in the members of series 170. The egg cells of 
the 4n parent which functioned carried 14 chromosomes in six instances and 
13 in one. But in the progeny of 4n x 2n P. axillaris some haploid egg-cells 
functioned. Possibly a larger population of the F, hybrids of 4n x 2n P. 
integrifolia would also have included some diploids. 

3. Six members of the AAI progeny were S 1.3.b. One member gave 
non-conforming reactions for the factor S 3 and may not have possessed this 
factor. Obviously all of the 2n @ gametes of the 4n parent which functioned 
had been heterogenic and S$ /.3. 

4. The incompatibility factors in the AAI triploids effected full self- 
incompatibility, intra-cross-incompatibility between the 3 hybrids, and in- 
compatibility in syngenic relations with the ¢ ¢ of both parents. The com- 
ponent of P. integrifolia in the pistils of the triploid hybrids (AAI) had no 
influence in effecting unilateral sterility, unless it was hidden, with haploid 
pollen of diploid P. axillaris. The action of the AA component was epistatic. 

5. As male members all of the F; hybrids of S 7.3.6 and the member that 
was S 1.?.b failed to produce capsules with the ? 2 of any P. integritfolia 
(S a.b, S aa, and S b.b) and of any diploid of P. axillaris that carried any 
combination of S 7, S 2, and S 3. All of these failures could not lave been 
due to the usual reactions of S factors. For example, the relation of S 7.1 x 
S 1.3.b should have involved some pollen tubes that carried no S$ J factors 
and some that were heterogenic. Neither could all of these failures have in- 
volved the unilateral sterility of AA x I, for the relation AA: S 4.5 x AAI 
gave capsules and some viable seeds. To evaluate the sterility resultants in 
these reactions one needs to know the constitution of the pollen tubes and of 
the ¢ gametes that are functional. Evidence on this matter may be gained 
in the analysis of (a) the F, of premature selfing and (b) the analysis of 
progenies of S 4.5 x S 1.3.b, which, it is to be regretted, were not grown. 

The Second Generation: figure 48. General Data. All of the plump 
seeds of good size in the fifteen capsules that were obtained by the premature 
cross-pollinations of members of series 1/0 were planted. The number of 
seeds per capsule ranged from 10 to 64 and the total was 327. Only 21 seed- 
lings appeared of which seven soon died. The chromosome members were 
determined in thirteen plants: one had 19; four had 20; two had 23; one had 
24; three had 25; one had 26; and one had 28. Two of the members that had 
20 chromosomes were weak in growth and died before they flowered. 
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Self-Incompatibiity. The three members that had 19, 20, and 20 
chromosomes were fully self-incompatible and the tests indicated that they 


were all S 1.3.b. They were sterile with ¢ ¢ S 1.1 and S 3.3 but fertile with 


é $ S$ 4.5 of P. axillaris. They were fertile with ¢ ¢ S a.b but incompatible 
with ¢ ¢ S b.b of P. integrifolia. 
Self-Fertility. Eight members were fully self-fertile to normal self-pol- 


, 


linations and these included all the members that had 23 or more chromo- 
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Fic. 48. This chart indicates the reactions of the seedlings obtained by the prema- 
ture selfing of triploids that were AAI: S 1.3.b. Those that had 23 or more chromo- 
somes were self-fertile. 


somes (figure 48). These plants were grown during 1947, chiefly for the 
determination of their chromosomes and their reactions to selfing, and after 
these features were known only few tests for cross-relations could be made. 
Resultants of Cross-Relations. A total of twenty-seven relations as 
females with S 1.1, S 1.3, and S 3.3 were sterile and one gave small partheno- 
carpic capsules. Twelve relations of self-fertile plants with ¢ ¢ of S 1.2 and 
S 2.3 gave capsules and seeds that were nearly all pseudospermic and typical 
of the 4n x 2n relation of P. axillaris. Ten members produced capsules with 











Fic. 49. Photomicrographs of the pollen of petunias. Except for D, E, and J the 
magnification is about * 240, and the preparations were glycerine-jelly mounts double- 
stained with methyl green and magenta. This technique was worked out by Mr. Alfred 
Owcezarzak who also made the photographs. A, 2n P. axillaris; B, 2n P. parodu; C, 2n 
P. integrifolia; D, 2n P. integrifolia Kew clone, on agar, and FE, pollen tubes of Kew 
clone, * 35; F, hybrid triploid AAI, No. 170-5: G and H, triploids of AAA. 
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Fic. 50. I, somatic autotetraploid 139-12, and J, same on agar; K, tetraploid 
| seedling of AAAA; L, double triploid seedling of AAAAII; M, Fi: PA hybrid; N, 
F, AI hybrid No. 154-15, and O, 154-21; P, Fs of AI No. 255-4. 
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some seeds which had embryo and endosperm to pollen of the Kew clone 
(S a.b) but the six relations that were tested with ¢ ¢ S b.b were incom- 
patible. 

Evaluations. 1, There were no diploids in the F, hence in their origin 
there were no fusions, or at least survivals, of » egg cells with n sperms. 
There were no triploids and hence no fusions of 2n with nm gametes had 
survived. If it be assumed that no microspore or macrospore with less than 
seven chromosomes was viable, the one plant that had 19 chromosomes could 
have arisen from a fusion of gametes that had 7 and 12, 8 and 11, or 9 and 10 
chromosomes. The two that had 20 chromosomes could have arisen from 7 
and 13, 8 and 72, 9 and 1/, or 10 and 10. The plants whose chromosomes 
numbers ranged from 23 to 26 inclusive could have arisen, collectively, from 
fusions of gametes that had 74 chromosomes with gametes that had numbers 
of 9, 10, 11, or 12. The one member that was tetraploid probably arose from 
gametes that were diploid. It is evident that the gametes that functioned in 
the production of viable seeds in the premature close-pollinations of the 
triploids of S 7.3.b probably included, collectively, chromosome numbers of 
/,9, 10, 11, 12, 13, and 14. 

2. Each member of this second generation possessed all three of the S 
factors present in the F,. This indicates that no homogenic gamete had 
functioned, at least for the production of those plants that had 20 or less 
chromosomes and were self-incompatible. The members that had 23 or more 
chromosomes were self-fertile and also triallelic and in these probably some 
one of the three S factors was duplicated due to the fusion of sperms that 
were heterogenic but had an § factor in common. Apparently the presence of 
four S factors was correlated with the inactivation of S factors and self- 
fertility, provided that the constitution was at least diallelic. No monoallelic 
tetraploid was obtained in any of the cultures. All of the triploids that were 
obtained were triallelic but self-incompatible. 


CHAPTER 11. PROGENIES OF AAT x THE 2N PARENTAL SPECIES 


Data for AAI X P. integrifolia. General Data. Thirty seedlings (se- 
ries 235) were grown of 170-3 (S /.3.b) x Kew clone (S a.b) and thirty- 
eight (series 238) were grown of 1/0-1 (S 1.3.b) x Kew clone. Chromosome 
counts, determined for twenty-eight of them (Sullivan 1947), ranged from 
14 to 20 inclusive with distributions (figures 54 and 59) that included some 
of all of the intervening numbers. Presumably these plants received a genome 
of seven chromosomes from the male parent. In this case the @ gametes 
that had functioned collectively had chromosome numbers of 7, 8, 9, 10, 11, 
12, and 13. Evidently no egg-cell that had 74 chromosomes had functioned, 
but the analysis of the progenies of prematute selfing of the triploids of series 
170 indicated that some gametes that had 14 chromosomes could function. 
The S 1.3.b x S a.b relation gave large capsules which contained as many as 
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Fic. 51. Q, a 2” segregate in a progency of AAI prematurely selfed; R, sn: 15 
seedling ( No. 235-1) derived of AAI & 2n P. integrtfolia; S, sn: 16 seedling No. 235-36; 
T, sn: 18 seedling No. 238-7; U, sn: 20 seedling No. 239-14; V, sn: 25 seedling No. 
319-1; W, a 5n seedling of 6n &K 4n; X, an sn: 40 seedling No. 284-11 of the 2d gener- 
ation of AAAATI. 
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300 seeds of good size of which at least 10 per cent germinated in the seed 
plantings that were made. 

The seedlings of the AAI x II parentage received different proportions 
of the AA and I chromosomes from their triploid female parent which 
were combined with the genome of seven from the male parent. In general the 
constitution may be represented as AI and the constituents evaluated ac- 
cording to the character of the plants and their behavior in the reactions of 
S factors. 

Character. All members of series 235 were more like plants of P. 
integrifolia than like P. axillaris and their chromosome numbers ranged 
from 15 to 17 inclusive. The members of series 238 had chromosome numbers 
that ranged from 75 to 20 inclusive and several of them were strongly like 
P. axillaris, as shown in figure 52. Also the two series differed in the 
combinations of S factors (figure 54). 

But nearly all of each of these progenies were strongly like P. integrifolia 
in habit of growth and in the size and shape of the flowers and of these, 
plant 238 No. 7 shown in figure 52 B is representative. In nearly all cases the 
two longest stamens were above the stigma. Yet ali plants displayed some 
influence of their P. axillaris ancestry. The two that were most like P. 
axillaris, as 238-8 and 10 in figure 52, had flowers that were purplish in 
color and the anthers were smaller than in P. a-illarts. 

Self- and Cross-Incompatibility. Each of the sixty-eight members of 
these series was self-incompatible. About half of them were propagated and 
the reactions of all members were sufficiently tested to allow the identification 
of the five genotypes indicated in figure 54 which gives the data for the 18 
plants most fully tested. 

Data for AI: S a.b. Of the thirty members of series 235 there were 
twenty-two that were S a.b. The reactions which were obtained for three 
of these are indicated in figure 54. Each of the other nineteen were tested 
in from one to twelve intra-group relations, all of which were incompatible. 
Also each member was involved in tests as a female with one or more of the 
genotypes of P. tntegrifolia (S a.b, S a.a, S a.b) all of which were incom- 
patible. 

All the many tests of these plants as females with pollen of P. axillarss 
were fully sterile but each of the 22 reciprocal relations that were tested gave 
capsules and seeds of which some were found to be normal. These reactions 
were those of the unilateral hybridization between P. axillaris and P. 
integrifolia. These twenty-two members of series 235 had only the S factors 
of the Kew clone. In character they were strongly like P. integrifolia. In 
their reactions with P. axillaris they showed that they possessed the genic 
component of P. integrifolia which gave unilateral reactions of sterility and 
fertility with P. axillaris. 

Data for Al: S b.b. There were eight plants of this group and all were 
members of series 235. The chromosome numbers determined for three 
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plants were 1/6, 16, and 177. All eight members were self-incompatible and 
cross-incompatible in all the tests which included at least one relation for each. 
The members of this group were fertile as @ with the pollen of the sister 
group Al: S a.b but as ¢ there was incompatibility. These reactions indicate 
that the members of the group were homozygous for one of the factors 
present in the other group (Al: S.a.b). Since their seed parent was S 1.3.) 
and the pollen parent was S a.b this factor was S } and this was verified by 
the reactions with S a.b, S a.a and S b.b (figure 54). 

The members of this group had the reactions comparable to those of the 
unilateral sterility and fertility in the reactions between P. integrifolia and P. 
axularis and in this respect were like the twenty-two sisters of the S a.b 
genotype. 

The Al: S 1.b genotype. Six members of series 238 were identified as 
S 1.b. Their chromosome numbers were 15, 15, 15, 15, 17, and 18. These 
plants were self- and cross-incompatible. Their reactions as females with both 
P. axillaris and P. integrifolia were fertile except for the incompatibilities in 
those relations that involved S 7 and S b. Hence there was no trace of the 
unilateral sterility which the members of series 235 displayed with P. 
axillaris $ 8. These plants had one entire genome that was derived directly 
from P. integrifolia. The reactions prove that the genetical half of the diploid 
female constitution was not sufficient to effect unilateral sterility. 

Data for Al: § 3.b. Five members of series 238 were identified as S 3.) 
and their chromosome numbers were 14, 15, 15, 18, and 18. The data for 
three of these, indicated in figure 54, are typical for the reactions of all five 
members, The resultants of the tests were conforming for incompatibility 
reactions of the factors S 3 and S b, and these included all relations with the 
é of both parent species. There were no reactions of unilateral sterility with 
pollen of P. axillaris and hence these plants did not possess that part of the 
diploid female constitution of P. integrifolia that effected hybridization 
sterility with pollen of P. axillaris. 

It is to be noted that one of the two plants of this group which had 18 
chromosomes was very decidedly like ?. imtegrifolia in appearance (figure 
52 B) and that another which had 1/5 chromosomes was much more like P. 
axillaris. Yet both lacked the diploid genic component of P. integrifolia 2 9 
which effected unilateral sterility with P. avillaris 2 2. 

Data for Six Members of Series 238. The reactions of six members with 
each other and with the two parental diploid species were mostly sterile. All 
had flowers that appeared to be normal and pollen was abundant. The chromo- 
some numbers ranged from 16 to 20 and all the plants which had 19 or 20 
chromosomes were in this group. Possibly these plants had three S$ factors 
and were triallelic. The reactions of sterility with the pollen of both P. 
axillaris and P. integrifolia were, in part at least, non-conforming in com- 
parison with the behavior of plants of series 170 which were S 1.3.b. Most 
members of this group had robust habits of growth and were strongly like 
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Fic. 52. Plants of a back-cross progeny of AAI: S 1.3.65 & P. integrifolia: A, 
No. 238-8, was sn: 16, but evidently triallelic, and was very much like P. axillaris; 
B, No. 238-7, was sn: 18, S 3.b, and very near P. integrifolia; C, No. 238-10, was 
sn: 15, S 3.b, and much like P. axillaris. Fic. 53. Plants of a back-cross progeny 
series 242 of AAI X 2n P. axillaris: A, sn: 18; B, sn: 18; C, sn: 20; D, sn: 20; E, 
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P. axillaris even when the number of chromosomes was 106 (see A in figure 
52). It is to be noted that the members of this presumably triallelic group 
produced no capsules and seeds to any intra-series cross-pollination. 
Summary. 1. The two progenies, 235 and 238, had different seed 
parents that were believed to be S /.3.b. Yet the two progenies were different 
in character, in range of sn chromosomes, and in genotypic constitution. 
2. Series 235 was composed of twenty-two members that were S a.b and 
eight that were S b.b. Presumably all of the egg-cells that functioned in their 
production carried only S b, and the greater proportion of the pollen tubes 


that functioned had carried S a, but the gametic chromosome numbers ranged 
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Fic. 54. Chart that indicates the reactions of back-cross progenies of triploids 


AAI & P. integrifolia. The six that were S a.b and S b.b had unilateral sterility with 
P. axillaris. 


from / to 10. The functioning of eight pollen tubes of S b in the normal pol- 
linations of S 1.3.6 x S a.b was nonconforming to the behavior of incom- 
patibility factors, but it has been noted that stigmatic secretion was some- 
what delayed on pistils of AAI plants. There was definite segregation and 
recombination in all plants of series 235 of the diploid complement of P. 
integrifolia 9 2 which effected unilateral sterility with pollen of P. axillaris. 

3. The genotypes definitely identified in series 238 were S 1.b and S 3.0; 
but there were six numbers that were presumably triallelic. Three of these 
were cross-sterile with all genotypes of both P. axillaris and P. integrifolia 
which were nonconforming reactions for either incompatibilities or unilateral 
sterility of hybridization. 
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4. Of the 49 members of AAI x II that were tested for S factors, 41 
possessed only two S§ factors, and hence each of the female gametes that had 
functioned in their production had carried only one S factor. But the 
chromosome numbers determined in the 28 members ranged from sn:14 to 
20; in these only one female gamete that was gn:/7 had functioned; 10 that 
were gnu:/ +1 and 7 that were gn:7 +2 had functioned. Only six egg cells that 
carried two S factors had functioned in the production of viable zygotes of 
the S 1.3.6 x Sa.b relations (gn = gametic number). 

5. In the progeny of 235 there were 22 members that were S a.b and for 
the production of these, pollen tubes that were S a must have functioned. But 
in the progeny of 238 no member, of those evaluated, possessed S a; all had 
S b. That S b pollen should function in the relation of S 7.3.b x S a.b is non- 
conforming both to incompatibility and to unilateral hybridization. 

Data for the AAI Hybrids < 2n P. axillaris. Data for Series 242. No 
figure is here presented for the resultants of the tests of the plants of this 
series but the summary of the data for them is as follows. The parentage was 
S 1.3.6 x § 1.2. Twenty-six plants were grown. Only four strongly resembled 
P. integrifolia. Most of the series were much like P. avillaris (figure 53) and 
several had white flowers and yellow pollen. But in only two plants were the 
corolla tubes as narrow as in P. axillaris. Each plant received an entire 
genome from its P. axillaris parent but a few plants (A in figure 53) were 
more strongly like P. integrifolia than any F, plant of the AI hybrids. But 
this plant was sn:18 and the 11 chromosomes that it received from the AAI 
parent probably included more than one set of P. integrifolia. 

The chromosome numbers were determined for ten members; one had 
15, one had 16, one had 17, two had 18, one had 19 and a fragment, and four 
had 20. Collectively, these plants probably received from & to 13 chromosomes 
through the gametes of their female triploid parent. 

Each of the twenty-six plants was self-incompatible. The ten whose 
chromosomes were counted were also cross-incompatible in all of their re- 
ciprocal relations that were tested and hence appeared to be one genotype. 
Forty-three of the fifty possible relations of these plants with pollen of S 1.1, 
§ 1.2, § 1.3, § 3.3, and S 2.3 were tested and found fully sterile. Hence these 
plants appeared to be S 1.2.3. But none of the ten whose chromosomes were 
counted was triploid and one of these was sn:15. Thus 2 gametes of the 
triploid S 1.3.5 which have as few as nine chromosomes may carry two S$ 
factors and be heterogenic for them. 

Six of these ten members of 242 were fertile with pollen of P. tntegrtfolia 
S a.b, S a.a, and S b.b which is the normal reaction of hybridization in re- 
lations of AA and AAA P. axillaris x P. integrifolia. But three of the ten 
members were definitely sterile with pollen of S a.b, S a.a, and S b.b which 
were nonconforming reactions that could not be due to normal behavior of 
either incompatibilities or unilateral sterility. Apparently all ten of the mem- 
bers that were tested and whose chromosome numbers ranged from sn:15 to 
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sn:20 were triallelic and S /.2.3. In this case the female gametes that 
functioned must have been S$ 1.3. 

Data for Series 243. The seed parent was 170-5 (S 1.?.b) x P. axillaris 
S 1.3. The production of seeds by this particular relation was nonconforming 
to the normal reactions of the S 3 factor which other reactions seemed to 
indicate was present in the plant 1/0—5 (figure 47). 

Thirty-six seedlings were obtained but they were noticeably irregular in 
vigor and several that were weak died early. Twelve were kept until they 
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had flowers. All strongly resembled P. axillaris and were quite like plant D 
that is shown in figure 53. The data for the seven plants of this progeny 
which were tested most fully are indicated in figure 55. 

Three plants had 14 chromosomes, one had /5, one had 16, one had 19 
and one had 20. Evidently egg-cells that carried 7, 8, 9, 12, and 13 chromo- 
somes had functioned. All the members were self-incompatible. The cross- 
reactions that were tested indicated that one plant was S$ 1.3 and that six 
were S 3.b. Evidently each of the egg cells that functioned had carried only 
one S factor, and in six cases this had been S b. The one plant that was S 1.3 
could have received its S$ 3 factor from its pollen parent, hence there was no 
definite evidence regarding the condition of an S 3 factor in the parent plant 
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170-5. Such data could more readily be obtained bv the analysis of a progeny 
of 170-5 (S 1.?.b) x P. axillaris S 4.5. But the six plants that were S 3. 
presumably obtained the S 3 factor from the S 1.3 pollen parent. 

As females the members of 243 were fertile with both P. avillaris 3 é 
and P. integrifolia 6 except for the normal reactions of the S factors which 
they possessed. There was also fertility with P. avrillaris 9 9 except for the 
one cross-incompatibility of S 7.3 x No. 3. The fertility of the testers S 3.3 
and S 2.3 as females with members of S 3.b probably involved hidden in- 
compatibility for pollen tubes of S 3 and the functioning of pollen tubes that 
carried S b. These should be classed as a hybridizing reaction. 

As females these plants had intraspecific fertility with AA genotypes and 
interspecific hybridization with II genotypes except for incompatibilities when 
a relation was syngenic. In these respects the plants were comparable to pure 
P. axillaris. As male members these plants were fertile with AA @ 9, but 
in numerous cases the relation was syngenic for S 3 (as S 3.3, S 1.3, and 
S 2.3 x S 3.b) and hence it was probably pollen that carried S b that func- 
tioned. In respect to the component of S 3.b which was derived from P. 
integrifolia the relation was one of hybridization fertility which was not in 
conflict with intraspecific action of the component that was P. axillaris. But 
all members of series 243 were sterile as pollen plants with all genotypes of 
P. integrifolia. These reactions correspond to that of unilateral sterility of 
Il 99 x A 6 6. In these relations the class of S b pollen did not effect 
seed production by S a.a @ 2 plants. Hence the S$ b pollen possessed that 
haploid constitution of A ¢ which was responsible for the unilateral sterility 
in the relation II 9 9 x A ¢. Thus it seems that the factor or factors that 
effect this specificity of A @ are not S factors. 

Potential Fertility in the 3n < 2n Progenies. Special evaluations were 
made of the potential fertility of two of the members that had 14 chromo- 
somes and were S 3.0. The pollen was noticeably uniform in size, all grains 
were trilete, but about 25 per cent of the microspores were aborted. There 
was excellent germination of a high percentage of the grains which had 
contents in cultures of 5 per cent agar and 1 per cent sugar. Also the pro- 
duction of normal seeds to fertile relations was high. Potential fertility in 
terms of the proportion of macrospores (and ovules) and microspores was 
increased over that of the 3n hybrids (AAI) and over that of the 2n 
hybrids (AI). But there was somewhat more abortion of both microspores 
and macrospores than in the 2n members of P. axillaris or P. integrifolia. 

The poilen of a plant that had 20 chromosomes and was S 3.b was 
evaluated. About half of all microspores were shrivelled and empty, and those 
that had contents were irregular in shape and some were four-pored. 

It was observed that certain of the aneuploids of these and of other 
progenies had high percentages of abortions of both pollen and ovules, the 
latter being judged by the scale ovules present in capsules obtained in non- 
incompatible relations. But in every case a plant was able to produce seeds 








116 MEMOIRS OF THE TORREY BOTANICAL CLUB 


that were apparently normal except only the three plants listed at the bottom 
of figure 54. 
SUM MARY 


1. In both of the AAI x AA and the AAI x II progenies the number of 
chromosomes included all numbers from 14 to 20 inclusive and the 
frequencies were, in sequence (figure 59), 4, 12, 9, 4, 5, 3, and 8. Evidently 
the ¢ gametes of the triploid hybrids which had functioned carried 7, 8, 9, 
10, 11, 12, and 13 chromosomes and of these 8, 9, and 13 were most frequent. 
The selfed progenies of the AAI triploids had chromosome numbers which 
indicated that the gametes that functioned possessed chromosome numbers of 
/,9, 10, 11, 12, 13, and 14. 

2. The seedlings of S 1.3.b x S a.b that were identified included the geno- 
types S a.b, S 6.6, S 1.b and S 3.b. It is to be noted that the relation S 1.3.0 x 
S 6.6 was incompatible but that in S 1.3.6 x S$ a.b, the S 0 pollen tubes 
functioned more frequently than did the S a pollen tubes. Also most of the 
egg cells that functioned carried only one S factor. 

All members of S 1.3.b x S 1.2 which were analyzed seemed to be S 1.2.3, 
in which case the egg cells which functioned must have carried two S factors 
even when the number of chromosomes in the zygote was as low as 15. 

Of the seven members of S 1.7.b x S 1.3, one was S 1.3 and six were 
S 3.b. In the production of these, evidently egg-cells that carried S b and 
pollen tubes that carried S 3 had functioned most frequently. 

3. Every member of all these progenies was self-incompatible and there 
were numerous cross-incompatibilities that conformed to normal reactions. 
But there were unconforming resultants, especially in the reactions of plants 
that had a higher number of chromosomes. 

4. Reactions of unilateral sterility were obtained in the relations between 
certain members of these progenies and P. integrifolia. Certain members of 
the progeny of AAI x II, especially of the members of series 235, had the 
component of P. integrifolia 9 which effected unilateral sterility with P. 
axillaris. The triploids of AAI did not have this complement. The seven 
members of series 243 derived from AAI x AA had the component of P. 
axillaris which effected unilateral sterility with P. integrifolia 2. The 
triploid hybrids of AAI also had this complement. The conclusion is that the 
unilateral sterility of hybridization in Petunia involves reactions between 
diploid pistils and haploid pollen tubes and that this reaction and its genic 
determinative are independent of S factors. 


PROGENY OF 3N Hyprips x 4n P. avrillaris 


The relations of the triploid hybrids (S$ 1.3.b) x 4n P. axillaris gave fine 
capsules which frequently contained as many as one hundred plump seeds of 
large size of which few had an embryo. All the seeds, which totaled 128, in 
three capsules were planted but only three germinated and one of these died 


in the cotyledon stage. 
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One plant of S 1.3.b x § 1.1.2.2 had 20 chromosomes, was self-incom- 
patible and fully sterile with ¢ ¢ of S 1.1, S 3.3, S 1.2, S 1.3, and S 2.3, 
but it produced capsules that had mostly pseudoseeds with ¢ ¢ of P. 
integrifolia S a.b, S a.a, and S b.b. Evidently this plant was S 1.2.3, in which 
case it had obtained the S 3 from the @ @ parent. 

The other seedling was derived from § 1.3.b x S$ 1.1.3.3. This plant had 
twenty-six chromosomes and “it was fully self-fertile. It was sterile with pollen 
of § 1.1, S$ 3.3, and S 1.3 but there were parthenocarpic capsules and many 
pseudoseeds to pollen of S 1.2 and S 2.3 and there were some capsules and 
seeds to pollen of P. integrifolia S a.b, S a.a, and S b.b. Evidently this plant 
had only S 7 and S 3 factors, but its self-fertility indicates that it was prob- 
ably S 1.1.3.3. 


CHAPTER 12. HEXAPLOID DOUBLE TRIPLOIDS OF PETUNIA 


The First Double Triploid. Pedigree, Origin, and Character. The 
apical vegetative buds of vigorously growing rooted cuttings of several of the 
triploid hybrids of series 170 (AAI: S 1.3.6) were treated, during March, 
with 1 per cent colchicine in lanolin. In only one case did the terminal bud 
continue growth and it was hexaploid. No hexaploid laterals appeared on the 
other plants whose treated terminals died. The young leaves that were treated 
became abnormal in shape but the later leaves on the hexaploid stem were 
more normal in shape but definitely a than the leaves on the triploid 
parts of the same plant. Also the stem was\noticeably thicker (figure 45 B). 

The first flowers on the hexaploid stem opened in July and they produced 
capsules and viable seeds to self-pollination. Thus an inactivation of S factors 
was effected by the change from triploidy to double triploidy. The anthers 
of a flower bud were examined by smear stains of aceto-carmine. There were 
42 (On) chromosomes in the pollen mother-cells and frequently there were 
distributions which showed 2] chromosomes at each of the two poles of the 
first division and in each of the equatorial plates of the second division. 
There were twelve flowers in the terminal inflorescence, which was a bostryx. 
Seven flowers were selfed; all formed good capsules, but the number of seeds 
in a capsule did not exceed 88. The anthers of the flowers were noticeably 
larger than the anthers of any of the triploids of AAI as shown in figure 45. 

Cuttings were made of the lateral branches that appeared below the hexa- 
ploid bostryx, but when these flowered in the following year all but one ramet 
had flowers that were self-incompatible and otherwise like the flowers of the 
triploid from which the hexaploid was derived. One ramet had a few flowers 
that were hexaploid and self-fertile but the rest of the flowers above these 
in the same bostryx were triploid. All further propagations were also trip- 
loid. The treatment had effected hexaploidy in the apical stem and in a seg- 
ment of the lateral next below and otherwise the triploid cells had outgrown 
those that were hexaploid. It has rather frequently been observed (especially 
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by Levan, 1939) that mixtures of diploid and polyploid tissues may occur in 
the branches of a plant and that the diploid tissues tend to outgrow those 
that are polyploid. 

The First Generation of Seedlings. General Data. Thirty-nine seed- 
lings of the first generation of hexaploids were obtained from 81 plump seeds 
of three selfed capsules of the first hexaploid branch. These seeds were 
planted in November but germination was irrégular and some seedlings did 
not appear above the soil until February. Several seedlings were weak and 
died early. An effort was made to grow all to flowering age. Thirty-one 
flowered. 

The growth of the best of these seedlings was slower than that of the 
typical seedlings of any other cultures of Petunia that had been grown. Figure 
5/ shows plants of the second generation but they are representative of the 
appearance of the seedlings of hexaploids during May when diploids of the 
same age from seed planting were in good bloom. Some of the seedlings 
of the different 6n progenies were so slow in growth that they did not flower 
until the summer of their second year of life. But the best of the plants be- 
came fine plants with leaves and stems that were much coarser than those 
of the triploids. Axial growth tended to predominate but some were well- 
branched. The best plants were obtained from cuttings that were rooted in 
late summer and were given good care during the following winter. Figure 36 
shows a group of such ramets which had been kept in four-inch pots to 
facilitate the manipulations of controlled pollinations. 

The first flowers on plants of the first generation appeared in late May 
several weeks after 2 seedlings of seed plantings in December were in heavy 
bloom. The flowers of all these seedlings had some shade of purplish rose but 
there was much diversity in the shades of color. Except for flower coloring 
there was almost no trace of the characters of P. integrifolia. The flowers 
were coarser than those of the triploids of series 1/0 (figure 45) and the 
corolla was often more lobed and recurved. In no plant of this generation did 
the longer pair of stamens extend above the stigma but this condition ap- 
peared in some of the second generation. 

Chromosome Members. The chromosome members were determined in 
the somatic cells of twenty-five of these plants (Sullivan 1947). Six were 
sn:40, three were sn:41, and sixteen were sn:42. Evidently the egg and 
sperm-cells that functioned most frequently in the self-fertilizations had 21 
chromosomes but some gametes which had 19 and 20 also functioned. This 
indicated that there was a high degree of bivalent autosyndesis in which there 
was pairing of identical chromosomes. 

Character of the Pollen. The pollen of five sister plants, each of which 
was sn:42, was evaluated by Mr. Alfred Owcezarzak and his data are as 
follows: 


217— 5: abortions 53%; range in size, 34.2- 
217-11: abortions 58%; range in size, 41.8- 


57.0 p. 
57.0 p 
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217-14: abortions 54%; range in size, 38.0—51.3 u. 
217-19: abortions 74%; range in size, 34.2-51.3 yp. 
217-20: abortions 59%; range in size, 41.8—55.1 up. 


The mode for the size of all plump grains was 47.5 pw. In shape the grains were 
mostly trilete with some that were quadralete and a few that were pentalete. 
Thus the pollen grains of the hexaploids ranged to larger sizes than did 
pollen grains of tetraploids. 

Potential Fertility in Seed Production. Figures 42 N, O and P show 
seeds and scale ovules that are typical of the selfed hexaploids and para- 
hexaploids. The data for 19 capsules which were representative of those 
obtained by selfing are as follows: 


Plant with 40 chromosomes: 40 seeds 

Plant with 40 chromosomes: 61, 67. 

Plant with 41 chromosomes: 28, 30, 38, 39, 45, 104. 
Plant with 41 chromosomes: 64. 

Plant with 42 chromosomes: 33, 47, 50, 62, 81, 96. 
Plant with 42 chromosomes: 8&7. 

Plant with 42 chromosomes: 16, 71. 


The seeds were plump and of good size but dissections showed that about 
one-fourth of the plump seeds were empty. Every capsule contained numerous 
scale ovules which evidently represented ovules that were unable to function 
in any relation. In terms of the number of seeds produced in a capsule these 
plants produced fewer seeds than did the tetraploids of P. axillaris to self- 
pollination. Also a larger proportion of seeds were empty and pseudospermic. 
There were numerous scale ovules in the selfed capsules of both the 4n of 
AAAA and the 6n of AAAATI. That the latter had the smaller capsules and 
the fewer ovules of all kinds was presumably due to the complement of the 
constitution that was P. integrifolia. 

Self- and Cross-Fertility. All the thirty-one plants of the first hexaploid 
generation that lived to blooming age produced capsules that contained at 
least some viable seeds to self-pollination and also there was fertility for every 
cross-relation that was adequately tested. 

But there was a reduced potential fertility. Many scale ovules were 
present and the resultants of pollinations were irregular to a degree not 
observed in other petunias. Frequently there were some pollinations that 
failed and these appeared to be due to irregularities in the maturity of stigmas 
especially in respect to the production of secretion. When the first flower of 
a relation failed, as many as ten further test pollinations were made and at 
least one good capsule was always obtained. For example: six flowers of 
217-15 were selfed; three failed and three produced good capsules. Of the 
seven flowers which were selfed on 217-4, only one failed. All the seven 
flowers of 217—5 which were selfed produced good capsules. During periods 
of hot dry weather there were days when few pollinations were effective on 
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these On plants, while at the same time the pollinations of 2n, 3n, and 4n 


plants were fully effective. 

The Second Generation of Seedlings. =‘! iability of Seeds. One prog- 
eny (2/79) was grown from the selfed seeds of 217-4 which was sn:41. One 
hundred and tour seeds were planted; 17 germinated and 12 seedlings were 
grown to maturity. Two were sn:40; one was sn:41; seven were sn:42; one 
was sn:43; and one was sn:44. 

Five progenies had parents that were sn:42 and the seeds in one selfed 
capsule of each were planted. There were 206 seeds; 73 seedlings were ob- 
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tained of which 38 were grown to flowering age. Of these eight were sn:40; 
four were sn:41; nineteen were sn:42; and six were sn:43. Thus the chromo- 
some numbers in the plants of the second generation included the numbers 
43 and 44 which indicates that some gametes with as many as 22 chromo- 
somes had functioned. It was certain that some seeds which had embryos did 
not germinate. No doubt special methods of stimulating germination would 
have increased the percentage of germination. 

Character of the 2nd Generation. In appearance and habits of growth 


these plants were like the first generation. The fifty that were grown to 
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flowering age included some that had been weak and slow in their early life. 
Figure 57 shows the extremes in the appearance of the plants on May 15. 
Forty sedlings were discarded in the seed pans merely because the ex- 
perimental greenhouse was overcrowded at the time. There was greater 
diversity in this generation than in the first generation especially in the size 
and color of flowers and a few had the longer pair of stamens above the 
stigma. The plant which had 44 chromosomes had the smallest flowers. Some 
plants had flowers that were larger than any produced by the F, and the 
corollas were frequently somewhat deeply lobed and recurved. Those that 
were well-branched made fine plants especially when cuttings were made in 
late summer and grown with good care over winter (figure 36). 

Self- and Cross-Fertility. Forty-nine members of this second generation 
produced capsules and seeds to self-pollinations, but several gave the ir- 
regular resultants already noted for the first generation. One plant failed to 
produce capsules to any self- or cross-pollination and it appeared to be fully 
impotent for the anthers were shrivelled, they dehisced poorly, and pollen 
was either lacking or aborted. Also the pistils were poorly developed. 

Seed Production. Thirty-three selfed capsules obtained from nineteen 
different plants were evaluated. The maximum number of seeds in a capsule 
was 7/9 and the average was 36. For plants which had unbalanced numbers 
of chromosomes (41 and 43) the number of seeds per capsule ranged from 
22 to 42. The highest number observed was 79 in a capsule of a plant that was 
sn:42, These were rather low numbers of seed in comparison with 2n and 4n 
of P. axillaris. It seems that the seed production per capsule was even less 
than that of plants of P. integrifolia of S a.a. x S a.b relations. But the re- 
duction in seed in the hexaploids and parahexaploids involved abortions of 
ovules which, apparently, were unable to function in any relation. 

Character of the Pollen. The pollen of seventeen of this second gener- 
ation was evaluated including some plants which had 40, 47, 42, and 43 
chromosomes. In shape, the grains which had contents were mostly trilete 
or quadrilete but some were pentalete (figure 50 L). In size, the composite 
range was 34.2 » to 57.0 w. The largest grains were of a plant that had 42 
chromosomes. One plant that had 40 chromosomes had the least abortion of 
pollen (28%) that was observed and the range in size was 38 p» to 49.4 p, 
which suggests that there may have been a very constant 2/—20 meiotic dis- 
tribution of chromosomes. In most plants at least 50 per cent of the pollen 
was plump and appeared to be normal. 

The Cross-Reactions of the Hexaploids. Cross-Fertility. The result- 
ants obtained for the two generations of hexaploids in cross-relations and 
in the relations with the parental species and with other polyploids are in- 
dicated in figure 56. Approximately two hundred cross-relations between 
members of the two generations were tested. Capsules which contained some 
apparently normal seeds were obtained except in several relations of which 
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Fic. 57. Young seedlings of the 2d generation of AAAAII. Chromosome num- 
bers ranged from sn: 40 to sn: 44. For best well-grown old plants of these hexaploids 
see figure 37. Fic. 58. Seedlings of a progeny of an sn: 4] plant that was derived 
of AAAAIT K AAAA. A was sn: 34; B was su: 36; C was sn: 35; D was sn: 36; 
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only one flower was tested. There were irregular results quite as in the selfing 
but whenever several tests were made, at least some pollinations were fertile. 

Reactions with 2n P. axillaris. From ten to twenty-five of the members 
of each of the two generations were tested with pollen of S 1.1, S 3.3, and 
S 1.3. There was complete sterility in all except a few tests which gave small 
capsules that had no seeds of any kind. But with pollen of S 1.2 and S 2.3 
there were usually capsules but there were mostly pseudoseeds and only a 
few seeds had an embryo. The complete failures were evidently of syngenic 
relations and the parthenocarpic capsules with their pseudoseeds were 
evidently of disgenic relations and the resultants were comparable with those 
of 4n x 2n of P. axillaris. The tests of the reciprocal relations of 2n P. 
axillaris x 6n involved about half of the first generation in a total of at least 
ten tests with each of the genotypes S 1.1, S 3.3, S 1.2, S 1.3, and S 2.3. 
Capsules were obtained in each relation and for most of the pollinations but 
there were seldom as many as fifty seeds of good size in a capsule and ap- 
parently all, or nearly all, seeds were empty. The resultants were comparable 
to those of the 2n x 4n P. axillaris, except that the number of pseudoseeds 
was less. In both cases the 2n members had high potential fertility and the 
large number of pseudoseeds resulted from failures of fertilization or from 
seed abortion after fertilization. 

Reactions with the Triploid Parent, S 1.3.b. As indicated in figure 56 
every test of 6n x 3n (S 1.3.b) was a complete failure. These reactions were 
presumably syngenic in which case they indicate that all of the 6n’s were 
probably S$ 7.1.3.3.b.b. Possibly the proportion of heterogenic grains was too 
few in the S 7.3.b pollen to effect any development of capsules even if the S 
factors were inactivated in such pollen. 

Reactions with 4n P. axillaris. Approximately fifty of the members of 
the two hexaploid generations were tested as males with the genotypes 
§ 1.1.2.2 and S 1.1.3.3 and a few tests were also made withS 1.1.2.3. There 
were capsules to every relation that was tested by three or more flowers, and 
the number of well-formed seeds was as high as 156, and a considerable 
number of these seeds had embryo and endosperm. In addition to the seeds 
there were at least 200 scale ovules. Two plantings of the seeds of these 
relations will be reported later. The reciprocal relations of 4n x 6n also gave 
capsules and seeds in each of twenty-five tests with pollen of plants of the 
first generation. The reciprocal reactions of 6n with 4n may be classed as 
fertile even in syngenic relations but the number of normal seed produéed 
by 4n plants was obviously much less than that produced by self-fertilization. 

Reactions with P. integrifolia. The tests were adequate to demonstrate 
that members of both generations of the hexaploids produced no capsules to 
pollen of II: S b.b but did produce some capsules which contained a few 
apparently normal seeds to pollen of Il: S a.b. The failure with S b.b may 
be attributed to the incompatibility reaction of S » pollen tubes in pistils that 
also possessed S b. The limited fertility of the hexaploids, that were strongly 
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P. axillaris in character and constitution, with pollen of diploid S a.b may be 
considered a hybridization reaction that is comparable with the resultants of 
2n and 4n P. axillaris x P. integrifolia. 


SUMMARY 


Chromosome Members. Forty-two members of the generations derived 
from a single 6n plant were also 6n. The others had from 40 to 44 chromo- 
somes each. Evidently gametes that had three sets of chromosomes functioned 
most frequently but some that had 19, 20, and even 21 chromosomes must also 
have functioned. 

Genetic Constitution. The original hexaploid was obtained by _ the 
somatic duplication of the chromosomes in a triploid known to be S 1.3.0. 
The original hexaploid was a double triploid and certainly § /.1.3.3.b.b. The 
reactions of all of the members of both generations of selfed progenies suggest 
that most of them were also S$ 7./.3.3.b.b but some that were parahexaploid 
may have lost a chromosome that carried an S factor. If so the reproduction 
was fully heterogenic for S factors as it was in the tetraploid progenies. 

Potential Fertility. With one exception these hexaploids and para- 
hexaploids were able to function in seed reproduction to selfing. But the 
abortions of microspores and of macrospores and ovules was rather high even 
in plants that had six sets of chromosomes. There were at least two con- 
ditions which contributed to the low numbers of seeds in any capsule. First, 
the capsules were smaller than those of 2” P. axillaris and they contained 
fewer ovules, but not as few as in the ovaries of P. integrifolia. And second, 
there was abortion of macrospores and ovules, as there was of microspores, 
which were due, undoubtedly, to incomplete bivalency in meiosis. Evidently 
there were also seed abortions after fertilization. 

Self- and Cross-Fertility. The original hexaploid and all of both 
generations derived from it, with the exception of one member that was im- 
potent, were self-fertile and intra-cross-fertile. The sterilities of these same 
plants in syngenic relations with 2n P. axillaris and with S b.b of P. integrt- 
folia show that the S factors in the hexaploid pistils still had incompatibility 
interactions when the pollen tubes were haploid and syngenic. It is to be 
noted that the hexaploids were cross-incompatible to pollen of the S 1.3. 
triploids which undoubtedly comprised some pollen that had two different S 


. 


factors. It has been considered that this condition of itself provides ‘* competi- 
tion’ which prevents the incompatibility reaction of both S factors (Lewis 
1947). The self-fertility of 6n as well as the 4m supports this hypothesis, but 
the self-sterility of the triploids and the cross-sterility of 6n x 3n do not, 
unless it is considered that such pollen was too limited in quantity. 


CHAPTER 13. PROGENIES OF THE DOUBLE TRIPLOIDS x [LTETRAPLOIDS 


Data for the Progenies. Series 285. The seed parent had 47 chromo- 
somes and was presumably AAAAITI and S$ 1.1.3.3.b.b. The pollen parent 
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was 139-12 which was AAAA and S 1.1.3.3, and an original somatic tetra- 
ploid. The relation was syngenic for A components but the pistils had two of 
the factors of S b not present in pollen and also two genomes of chromosomes 
of P. integrifolia, and this component was one that was involved in unilateral 
sterility with P. axillaris 2 $. Hence the fertility of the relation involved the 
inactivation of the S factors common to the 6n pistils and the pollen tubes and 
an inactive status of the component of P. integrifolia in the pistils. Under 
these conditions the 2n pollen tubes of the 4n P. axillaris were able to 
function in fertilization in pistils of the hexaploid and para-hexaploid plants. 
Thus the 6n constitution of itself did not set up a specificity barrier to cross- 
ing with the tetraploids of P. axillarts. 

All of the 110 seeds of good size in a capsule of controlled pollination 
were planted. Thirty-two seedlings appeared above the soil of which seven 
were weak and soon died. Twenty-five flowered. The chromosome members 
were determined for sixteen; one was sn:29, three were sn:31; three were 
sn:32; four were sn:33, three were sn:34; and two were sn:35 (figure 59). 

Series 286. The seed parent was sn:42. The pollen parent was S 1.1.2.2. 
The relation was disgenic for the S 2 factor. Sixty-eight seeds were planted 
in December 1945. There was irregular germination. A total of fifty seedlings 
appeared but several soon died. Twenty-five were grown to flowering age and 
these included several that were late in germination and so slow in growth 
that they did not flower until the summer of 1947 (see figure 59). Chromo- 
some members were determined in sixteen; two were sn:32, four 33, two 34, 
six 35, and two 36. 

Series 287. The seed parent of this series was a 4n plant of S 1.1.2.3. 
The pollen parent was a member of the first generation of hexaploid progeny 
which had 42 chromosomes and was 6n. The capsule had only five plump 
seeds of which one germinated and this seedling had 35 chromosomes. 

Chromosome Members in Gametes. If it is assumed that the tetraploid 
parents in these 6n x 4n relations contributed gametes that had 7/4 chromo- 
somes, then the gametes of the 6m and the 6n-J/ parents, that functioned to 
give series 286 and 287, carried some of each of the numbers from 75 to 22. 
This means that some of the gametes that were agenomic, and of such low 
number as 15, may have had only chromosomes of AA, that others probably 
had combinations of AA and I, and that gametes that had 27 chromosomes 
probably were trigenomic for AAI. 

Character of the Progentes. There were extreme differences in vigor of 
erowth (figure 58) of the members of these progenies and this was greater 
than the diversity in the selfed progenies of the hexaploids. Many had axial 
growth with few or no laterals. Two that were weak and slow in growth 
were given special care and in their second year they bore seven and twelve 
flowers respectively. Each was self-fertile and not distinguishable from others 
of the series. Both had 36 chromosomes which was the highest number found 
in these progenies. Possibly each received 22 chromosomes from the 6n seed 
parent. 
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The flowers of these seedlings were variable in size. In some cases they 
were larger than the flowers of any 6n. All flowers had stamens of three 
lengths but in only three plants was the pair of longest stamens above the 
stigma, as in P. integrifolia. Four plants had entirely white flowers and 
yellow anthers and three of these were less than su:42 and one was sn:29. 
The others had flowers of various shades of pale and dull purple. There were 
none of the attractive shades of rose and lavender that were seen in the F. 
hybrids of 2n P. axillaris x P. integrifolia and in the back-cross progenies of 
3n hybrids x 2n parental species. 

Self- and Cross-Fertility. The fiftv-one members of these progenies that 
flowered were self-fertile. Many cross-relations were tested and the resultants 
indicated that any member was cross-fertile with any other one. There were 
fewer irregularities in the results than were experienced in the testing of the 
hexaploids. For many of the relations every pollination gave a capsule. 

Potential Fertility. The capsules were usually of good size and frequently 
they were as large as those of the 4m P. axillaris and hence larger than cap- 
sules of the 6n. The highest number of seeds observed in any capsule was 
241. As a rule these seeds were plump and almost spherical (figure 43 Q). 
A considerable proportion of these seeds had endosperm and embryo. There 
were always several hundred ovules that did not function and which became 
scales. 

The anthers of the flowers of all members of these progenies dehisced 
normally and there was pollen but frequently it was less abundant and 
granular than the pollen of diploids. The highest abortion of about 70 per 
cent was observed in the pollen of 286—26 which had 36 chromosomes and 
was a plant of poor and feeble growth. But all plants of all the chromosome 
members, balanced or unbalanced, had some functional pollen and produced 
capsules and some seeds that appeared to be normal. 

Data for the Pentaploids. Origin and Status. There were nine penta- 
ploids in these progenies. Two of series 285 had the parentage S 1.1.3.3.b.b 
(?) x § 1.1.3.3; six of series 286 were S$ 1.1.3.3.b.b x S 1.1.2.2; and one was 
of S 1.1.2.3 x § 1.1.3.3.b.b. Hence eight of these pentaploids arose from the 
fusions of sperms that were purely AA with egg cells that were presumably 
trigenomic and that were probably AAI. Presumably their constitution was 
AAAAT and hence unbalanced for the I genome. 

Self- and Cross-Fertility. From three to seven flowers per plant were 
selfed and every pollination gave a capsule. There were also capsules and 
seeds for every one of the twenty-nine cross-relations which were tested. The 
inactivation of § factors in pollen continued in these 5x plants as it did in 4n 
and 6n plants and in the aneuploid sisters. 

Potential Fertility. Special studies were made of the pollen of five of 
these pentaploids. The percentages of aborted grains were 27, 37, 57, 57, and 
59. The size of the pollen grains that had contents ranged from 32.3 p» to 
53.2 » with a mode at 53.2 » which was slightly larger than the pollen of the 
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tetraploid P. avillaris. Trilete grains were numerous, quadrilete grains were 
frequent, and there were some pentalete grains (figure 51 W). In one 
preparation of pollen of 286-7 there were seventeen pentalete grains. 
Abortion of pollen was greater than in 4n P. axillaris. The number of plump 
seeds of good size (figure 42 Q) in eighteen selfed capsules ranged from 19 
to 231 with an average of 89. One hundred and eight seeds taken at random 
from eight capsules were dissected and 87 had an embryo. There were at 
least two hundred scale ovules in a capsule. 

Reactions with 2n P. axillaris. All of these pentaploids, and also all 
others of these progenies that were tested, were cross-incompatible with the 
haploid pollen of S 1.1. The two 5n plants of series 285 were also cross- 
incompatible with pollen of plants of S 7.3 and S 3.3. The six members of 
series 286 were cross-incompatible with S 7.J and § 1.2 as males but pro- 
duced capsules with the pollen of S$ 1.3 and S 3.3. Six of the best of these 
capsules were evaluated. There was an average of about 100 seeds of good 
size per capsule. Forty-two of the best seeds in one capsule were dissected 
and an embryo was found in nine of them. Evidently the 5” x 2n reactions 
were incompatible when the relation was syngenic but parthenocarpic with 
some good seeds when the relation was disgenic. 

In the reciprocal relations of 2n P. axillaris x 5n there were, in every 
relation tested, capsules with pseudoseeds or possibly an occasional good 
seed. This resultant was quite comparable to that of 2” x 4n P. axillaris. 

Reactions with AAI (S 1.3.b) Triploids. Fourteen different com- 
binations were tested which involved seven of the 5” plants as females with 
four of the triploids of AAI. Every pollination failed in that capsules did not 
start to form. But every one of the thirty-nine reciprocal pollinations 
(3n x 5n) that were made gave capsules and seeds of good size of which some 
had endosperm and embryo. 

Reactions with 4n P. axillaris. Thirteen different combinations of 5n x 
4#n and eleven of 4n x 5n were tested which included some of each of the 
genotypes § 1.1.2.2, S 1.1.3.3, S 2.2.3.3, and S1.1.2,3, In all relations there 
were capsules and the number of plump seeds per capsule ranged from 39 to 
214 and some of the seeds had an embryo. These tests were sufficient to show 
that the 5n and the 6n plants of these progenies were fertile reciprocally with 
the 4n of P. axillaris. 

reactions with P. integrifolia. As pollen members these pentaploids 
were completely sterile with the Kew clone (S a.b) which is comparable to 
the hybridization sterility of the diploid parent species (P. integrifolia x P. 
axillaris). 

As seed members the pentaploids were feebly fertile with pollen of S a.0. 
There were failures to some of the pollinations but the relation did give 
several small-sized capsules with a few seeds that had embryos. A reduced 
fertility was characteristic of the unilateral hybridization seen in the re- 
lations of 2n, 3n, and 4n P. axillaris x P. integrifolia. The five relations that 
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were tested of 5n x P. integrifolia, S b.b gave no capsules which may be 
considered as due to incompatibility reactions in pistils of pentaploids that 
carried a single S 0 factor. 
SUMMARY AND EVALUATIONS 

1. All members of these back-cross progenies of 6n with 4n were self- and 
cross-fertile. Thus there was inactivation of S factors in at least certain of the 
pollen in all relations of self- and inter-reproduction and also in relations 
with 4n and 6n plants. 
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Fic. 59. Summary tabulation of the chromosome numbers in all progenies except 
those exclusively of diploid parentage. 


2. The chromosome numbers in these progenies ranged from sn:29 to 
sn:36 with all intervening numbers represented except sn:30. It may be as- 
sumed that the 4 parents contributed gametes that were gn-:14 and bi- 
genomic. Hence it appears that the gametes of 6n and 6n—-1 that functioned 
were as follows: one had 15 chromosomes; 3 had 17; 5 had 18; 8 had 19; 6 
had 20; 9 had 21; and 2 had 22. In the selfed generations (figure 59) the 
somatic numbers ranged from sn:40 to 44. Of all progenies, 42 plants were 
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sn:42 and 9 were sn:35 and in the production of these a total of 93 gametes 
that were undoubtedly 3n had functioned. But the total number of aneuploids 
was 5/, and in the production of each of these at least one gamete had either 
less or more than three genomes. Thus it was demonstrated that the double 
triploid constitution of aaa’a’ii was somewhat unstable and gave rise to 
aneuploid offspring. Some agenomic gametes and zygotic combinations of 
them were viable but some of these were weak in growth. 

3. With one exception all seedlings of these progenies had some degree 
of potential fertility that effected seed production and admitted of self-re- 
production. A goodly number of the aneuploids were as vigorous in growth 
and as fine in appearance as any of the plants that were 6n. Had there been 
opportunity, the progenies of plants which were sn:32, 34, 36, 40, and 44 
would have been grown to determine the patterns of their reproduction and 
the possibility of obtaining dysploid races. It is postulated that this is 
possible. 


CHAPTER 14. EVALUATIONS OF DATA ON REPRODUCTION IN PETUNIA 


The Methods of Reproduction. Bisexuality. The species and most 
horticultural varieties of Petunia have perfect and homomorphic flowers and 
each flower functions as a male and a female. Certain cultivated double 
flowered types do not have functional pistils and are unable to produce seeds. 

Pollination. Plants of P. parodii and P. parviflora, which have no self- 
and cross-incompatibilities, produce numerous capsules and seeds to auton- 
omous self-pollination. The flowers of P. integrifolta are strongly zygomorphic 
but the two longest stamens extend above the stigma and the flowers are 
readily self-pollinated. The pistils in flowers of P. axillaris extend slightly 
above the anthers. But incompatibilities make proper cross-pollinations 
necessary for production of seeds by flowers of P. axillaris and P. integrt- 
folia and this is accomplished by insects. 

Meehan (1870) observed that night-flying moths effect pollinations of 
petunias and that diurnal bees cut holes at the base of the tubular corollas 
in obtaining nectar. In England, Darwin (1876) never observed insects 
visiting the flowers of petunias and he states that his gardener had only seen 
one bee among such flowers. Over nearly twenty vears the writer observed 
during the daytime only one butterfly and one honey bee inside of the large 
greenhouse which contained many petunias in good bloom from April until 
September and only once was a hawk moth seen during the hours of day- 
light. For several weeks during the early part of the spring the ventilators 
of the greenhouse were closed at night and during this time plants of P. 
axillaris produced no seeds unless properly pollinated by hand. When warmer 
weather arrived and ventilators were open at night, hawk moths effected 
proper cross-pollinations and numerous capsules developed. In the writer’s 
home garden hawk moths were frequently observed at dusk and later as 
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visitors to flowers of petunias and of night-blooming Hemerocallis. The 
flowers of Petunia parviflora are so limited to a diurnal anthesis that, in the 
greenhouse at least, the flowers were seldom open for as much as an hour at 
midday, but there was no self-incompatibility and capsules and seeds were 
produced to autonomous selfing. 

During the summer of 1950, the writer spent several hours almost daily 
in the experimental plots of petunias grown by the W. Atlee Burpee Com- 
pany at Floradale Farms near Lompoc, California. Bumblebees were rarely 
seen among petunias as incidental and transient visitors. Honeybees were 
regular and abundant as visitors to a bed of flowering Nicotiana, that was 
situated in the midst of the petunias, where they obtained nectar that was 
flowing in a thin and, to the eye, imperceptible film out of the throat of 
deflexed flowers. Frequently such insects wandered about for a few moments 
among the flowers of adjacent petunias but they rarely alighted on a flower 
and when they did there was no attempt to gather either pollen or nectar. 
Humming-birds were occasional but brief visitors to flowers of petunias. But 
at dusk, especially during midsummer, hawk moths were often abundant in 
sustained visits to petunia flowers and as many as three different species were 
observed. 

Sexuality and Agamospermy. Redinger (1938) has reported that plants 
of cultivated petunias which he called P. nyctaginiflora produced some 
pseudogamous seeds to the stimulus of the pollen tubes of certain plants of 
Nicotiana and Salpiglossus. The cytological studies indicated that the haploid 
eggs nad a mitosis without cell division and hence became diploid, after which 
a diploid embryo developed. In one instance he reported that two successive 
mitoses occurred before there was a cell division and that this gave rise to a 
tetraploid embryo. Hesse (1938) also reported that he obtained both diploid 
and tetraploid seedlings of pseudogamous seeds of /P. axillaris that were 
induced by pollen tubes of Salpiglossus. 

Possibly induced agamospermous seeds may sometimes be formed in dip- 
loid and polyploid petunias in connection with intraspecific self- and cross- 
incompatibilities, and also in the 4 with 2n relations even when there are no 
incompatibilities. Steere (1932) obtained 1,348 diploids from a 2n x 4n 
cross. Of the same relation Matsuda (1935) obtained 85 diploids out of 89 
seedlings and Levan (1937) obtained 6 diploids in a total of 16 seedlings. 
The writer obtained 9 diploids in a progeny of 27 members of S 1.1.2.2 x 
S 1.3 of P. axillaris, but since four of the diploids were S 1.3 it is certain 
that the tetraploid parent had produced some haploid egg cells which carried 
S 1 and that these had been fertilized with a sperm that carried S 3. It is 
certain that there were very few, if any, cases of pseudogamous seeds in the 
cross-relations reported in this paper. There were cases of non-conforming 
behavior of S factors and some of these may have involved agamospermous 


reproduction. 
There were no cases of autonomous somatic polyploidy either in the 
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branches of a plant or in the primary cell of a zygote in any of the petunias 
studied by the writer. 

The Extent and Character of Self- and Cross-Incompatibilities. A sur- 
vey of the extensive studies which involved reproduction in cultivated 
petunias reveals that in most instances incompatibilities were either absent, or 
of a weak grade, or were disregarded and seeds were obtained by crossing. 
The few cases in which accurate data were obtained demonstrated that the 
incompatibilities may be either of the simple personate type or of a complex 
associate type. 

It has generally been considered that the early hybrids of Petunia arose 
from the two very distinct types for which the proper names are P. axillaris 
and P. integrifolia, or possibly the type that does not have deflexed pedicels 
and which has been designated as Petunia inflata (Fries 1911). Definite 
mention was made by Lotsy (1914) of a white-flowered type that had a long, 
thin corolla tube which was not at all inflated or had only a trace of en- 
largement. This description suggests the character of P. parodiu which was 
first specifically designated by Steere (1931) but was previously obtained 
from Argentina and described by Ferguson and Ottley (1932). But Lotsy 
states that he did not find any plants in his extensive cultures (as many as 
2,000 F.) that were self-fertile, but he provided no definite data on the 
patterns of the cross-incompatibilities. 

In the list of “ self-sterile” plants by Darwin in 1868 there was no 
mention of a Petunia. But in 1876, he stated that “ Petunia violacea”’ was 
‘quite sterile as far as ] have observed.” Yet in his studies of the cultivated 
race, which he incorrectly called P. violacea, seeds were obtained to self- 
pollinations, but never a full complement, and from such seeds five suc- 
cessive generations of seedlings were grown. A higher proportion of capsules 
and more seeds per capsule were obtained when cross-pollinations were made. 
But Darwin did not believe that cross-incompatibilities ever occur among the 
members of a variety or species that has homomorphic flowers. Evidently the 
techniques of his pollinations and the tabulations of results did not sufficiently 
reveal cases of cross-incompatibility to convince him that they existed. 

Correns (1901, 1912) made studies of the inheritance of flower coloring 
in the hybrids of cultivated petunias which he called P. nyctagintflora and P. 
violacea. He grew progenies in considerable number of reciprocal crosses, 
which is evidence that he did not have the true species. There is little in- 
formation regarding incompatibilities in these plants but it is stated that of 
eleven sister plants six were self-fertile, two were feebly self-fertile, and three 
were self-incompatible. The cross-relations did not give uniform reactions. 
Correns decided that the reactions in these plants were not favorable for an 
evaluation of the heredity of self-fertility and self-sterility which he then 
believed should be simple and Mendelian in respect to dominance. 

Tarao (1923) also recognized self-fertile and self-incompatible individuals 
among cultivated petunias and a progeny of a cross between the two was 
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composed of 26 self-fertile and 22 self-incompatible members. His evaluation 
was that a factor of self-fertility was allelic and dominant to one of self- 
sterility, which was the view that prevailed previous to Prell’s hypothesis of 
oppositional factors. Several other brief considerations of self-incompatibilities 
in petunias during this period contribute no important data. 

Ferguson and Ottley (1932) report that their plants of P. parodiu 
(called P. axillaris at that date) were self-fertile. The use of such plants in 
breeding and in hybridizations provided many plants that were self-fertile. 
But self-sterility was reported (Brooks, Walsh & Ferguson 1930) in at least 
one pink-flowered cultivated type that was propagated vegetatively. Later, 
however, members of these clones produced seeds to selfing; the members of 
the first selfed generation were self-fertile but the members of the next 
generation were self-incompatible. The basis of this unstability was not de- 
termined. Also the term “cross-sterility’’ was applied to the unilateral 
failures of hybridization when plants of P. parodi (here called P. nyctagini- 
flora) were the male members in crosses with “ other strains.”’ 

Several of the more recent studies with petunias have indicated a simple 
personate type in which all plants were self-incompatible and there were no 
more than four mating genotypes in a pedigreed progeny (as Harland & At- 
teck 1933; Sears 1937). Other studies demonstrated more complex patterns 
ot reactions that involve an association of, and interaction between, an allelic 
series of S factors and another allelic series of factors which favor fertility. 
One such study by Wergin (1936) also considered a factor for half-sterility. 
Another study (Stout 1938) demonstrated the associate type and patterns 
of reactions in cultures of the diploid Rosy Morn petunia. The characteristic 
features of this type are that a pedigreed progeny may comprise more than 
four genotypes, that there are both self-incompatible and self-fertile plants, 
that the self-fertile plants possess S factors, and that there are numerous 
reciprocals that are different in reaction. Selection does not, as a rule, give a 
progeny that breeds true to either self-fertility or seli-incompatibility. 

Information concerning the fertilities and sterilities observed in the ex- 
tensive breeding with petunias done by the W. Altee Burpee Co., has been 
supplied by Mr. Jerome H. Kantor and may be summarized as follows: 
Several expressions of sterility have been observed. There are some 
“ sterile’ individuals in nearly all varieties and often this involves a loss of 
potential fertility. In certain cases the failure to produce seed to autonomous 
pollinations is overcome by proper self- or intra-varietal pollinations. In some 
cases there is self-incompatibility. Certain seed-grown varieties produce few 
seeds to ony intravarietal cross-pollinations but the number of seeds is 
definitely increased by intervarietal pollinations. The amount of seeds per 
capsule decreases as flower size increases. Mr. Kantor states that “in all 
cases there is considerable work to be done to correlate the expressions of 
ploidy with other factors such as incompatibility.” Thus it appears that 
several conditions have been observed that may be somewhat nonconforming 
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with present experimental data and that the analysis of such behavior may 
extend the knowledge of reproduction in petunias. 

Vegetative Propagation. Evidently most of the wild species of Petunia 
and the cultivated varieties are essentially annuals without means of auton- 
omous vegetative propagation. Plants of P. parviflora have prostrate stems 
that freely take root to a degree that they could become perennial wherever 
they can survive winter temperatures. But plants of both the wild and the 
cultivated petunias may be propagated from cuttings. For the studies of this 
report numerous individuals representative of various genotypes were main- 
tained as pedigreed clones and used as testers. 

The Chromosome Numbers in Petunia. The Wild Species. Chromo- 
some numbers have been determined in only five of the twenty-eight species 
of Petunia that are recognized as valid taxonomic units. Four of these (P. 
parodu, P. axillaris, P. integrifolia, P. inflata) are sn:14 and one (P. parvt- 
flora) is sn:18. No polyploid species are known. There is one case of dys- 
ploidy. Until the chromosome numbers are more fully determined for the 
other species no further evaluation can be made of the chromosomal con- 
stitutions in the wild members of this genus. 

The value of sn:14, in four species of Petunia, is a low level of diploidy 
and also it is the lowest now known in the Solanaceae. The lowest numbers 
in the other genera of this family are sn:16, 20, 22, 24, and 28, but there 1s 
some evidence that the sn:24, especially in Solanum, is itself a multiple of the 
genome number of 6. These numbers indicate that the processes of selective 
reproduction within the Solanaceae have effected dysploid generic dif- 
ferentiations. Also of the two most populous genera, one (Nicotiana) has a 
series of dysploid species that includes the genome numbers of 8, 9, 10, 11, 
and 12, and the other (Solanum) has a series of polyploids that includes 
sn:24, 36, 48, 72, 96, and 144. 

The Cultivated Petunias. That certain cultivated petunias were sn:14 
was determined by Ferguson (1924). Soon thereafter Vilmorin and Simonet 
(1927) reported that some of the garden petunias had 28 chromosome (4n) 
and in 1931 Derman obtained triploids (sn:21) as seedling progenies of 
crosses between tetraploids and diploids. Other publications on chromosome 
numbers in cultivated Petunia have been summarized by Levan (1937) and 
by Sullivan (1947). From these, it appears that a somatic chromosome 
number higher than sn:35 has not been reported in this genus previous to 
the present report (figure 59) except for two octoploid plants obtained by 
Levan (1939). But data on the chromosome numbers, and also on self- 
fertility and self-incompatibility, have been reported for relatively few of the 
numerous horticultural varieties of Petunia that breed true from seed and 
which now comprise several very distinctly different classes or types that 
are recognized in seed catalogs. 

The writer has received from Mr. Jerome H. Kantor of the W. Atlee 
Burpee Company a survey of the extensive but unpublished data on culti- 
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vated petunias that have been obtained by this Company. The data have been 
summarized in the following statements that have been approved by Mr. 
Kantor. All varieties in the classes of small-flowered bedding petunias are 
diploid (2n=14). These include the Gem, Dwarf-Bedding, Bedding, and 
Balcony types of an aggregate of thirty-two varieties. In this list is the Rosy 
Morn variety studied by the writer (Stout 1938) which has a complicated as- 
sociate type of self- and cross-incompatibilities. The extremely large-flowered 
petunias that are classed as Giant Ruffled and Superbissima are invariably 
tetraploid. But it 1s emphasized that a mere doubling of chromosomes of a 
diploid variety rarely produces plants of the Superbissima class. There are 
several classes of flower type, as seen in Hybrida Grandiflora, Dwarf Giant, 
Giant Fringed, and Double Fringed, that include some varieties that are dip- 
loid as well as some that are tetraploid. Thus in several cases “it has been 
impossible to find any great difference between the lines that are sn:14 or 
sn:28. In some cases there is no way of determining, other than by pollen 
measurements or chromosome counts, that a strain has /¢4 or 28 chromo- 
somes.’ Mr. Kantor reported to the writer that triploids were obtained 
among the progenies of 4m x 2n varieties and that by colchicine treatment 
of their buds some branches that were sn:42 were obtained. But he stated that 
‘other than this, we have been unable to demonstrate a chromosome number 
above 2S in petunias.” Hence a special interest centers in the status of the 
triploids and tetraploids and in their role in the further development of 
higher grades of ploidy in the genus. 

Thus it appears that none of the cultivated petunias of today has more 
than the tetraploid of the basic haploid number of seven found in P. axillarts, 
P. parodu, and P. integrifolia. It is certain that the species P. parviflora was 
not involved in the hybridizations that gave rise to the cultivated petunias. 
The attempts which the writer has made to hybridize plants of P. parviflora 
with ramets of the Kew clone of P. integrifolia were complete failures. 

The Petunias of the Author's Studies. The progenies of the intra- 
specific reproduction of each of the three diploid species, Petunia axillaris, P. 
parodii, and P. integrifolia all had 14 (7+/7) somatic chromosomes. All of 
the hybrid progenies grown of these diploids were also diploid. Somatic 
autotetraploids were obtained of P. axillaris and all of their selfed progenies 
were also tetraploid. Autotriploids (AAA) were obtained from 4n x 2n P. 
axillaris. Triploid hybrids (AAI) were obtained of 4m P. avrillaris x 2n P. 
integrifolia, and by colchicine treatment of these, one somatic hexaploid hybrid 
that were AAAAITI was obtained and the selfed progenies were grown. In the 
aggregate of progenies that were grown and studied (figure 59) there were 
four polyploid groups (3n, 4n, 5n, and 6n) and one or more seedlings of 
twenty aneuploid somatic chromosome numbers of which the lowest was 
sn:15 and the highest was sn:44. 

Most of the determinations of the chromosomes in these cultures were 
made by Dr. T. D. Sullivan whose publication (1947) presents twenty-nine 
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photomicrographs of the chromosomes in somatic tissues of the three diploid 
species (P. parodi, P. axillaris, P. integrifolia) and of various of the poly- 
ploids and heteroploids. About two hundred other determinations were made 
by Dr. Clyde Chandler and Miss Selma Kojan, with the writer checking 
the preparations, which were smear-stains of stages of meiosis. The 
evaluations of the 2n, 4n, and 4n x 2n cultures of P. axillaris were mostly 
completed before Dr. Sullivan began his studies and hence his report includes 
data for only three triploids of P. axillaris and also it does not include other 
data presented in figure 59. The techniques employed in these studies did not 
allow the identification in the hybrids of the chromosomes that were derived 
from the parental species. Even the sa-chromosome, first observed by Sul- 
livan in a plant of P. axillaris, was identified in only one triploid and one 
hexaploid of the hybrid progenies. 

Reproduction in the Petunias of Earlier Experimental Studies. The 
Data Reported by Kostoff and Kendall. The recognition that certain of the 
‘“ gigas’ types of petunias, which, according to Steere (1932), had been in 
cultivation since about 1888, may be tetraploids (Vilmorin & Simonet 1927 ) 
was soon followed by the observation (Kostoff 1930) that a tetraploid seed- 
ling had appeared among the progeny grown from the seeds of a diploid 
petunia. Kostoff and Kendall (1931) reported that this tetraploid seedling 
was fully “ self-sterile ’’ even to premature selfing but that its diploid parent 
was self-sterile to normal pollinations but gave seeds to premature selfing. 
This tetraploid had abortions of 50 per cent of the pollen but produced seeds 
to pollen of diploids from which twenty plants were grown. Of these sixteen 
were 4n; two were 4n —1; one was 3n; and one was 3n— 1. It was suggested 
that the tetraploid progeny of the 4m x 2n relation may have arisen by a 
fusion of a 2n egg-cell with two haploid nuclei of a pollen tube or by a fusion 
of a 2n egg cell with a 2n nucleus from a pollen tube. The tetraploids of this 
progeny produced seeds to selfing but seedlings from their seeds were not 
reported. The somatic chromosome numbers obtained in these studies were 
20, 21, 27, and 28. 

The Data Reported by Dermen. Dermen (1931) observed a tetraploid 
among cultivated diploids of Petunia. This plant was selfed and thirty-eight 
seedlings were grown of which twenty-seven had large flowers and eleven had 
small flowers. The chromosome numbers were not reported except that one 
of the small-flowered seedlings was found to be tetraploid. Some studies of 
the meiosis of the original tetraploid were made. In late diakinesis, 1/4 
bivalents were seen; but there were some non-disjunctions of chromosomes 
and premature separations of chromatids and distributions of 16 + 12 and 
15 + 13 were observed. The original tetraploid was crossed reciprocally with 
diploids “‘ with apparent success both ways,’ but of numerous seeds only a 
few had contents or were “ full’’ and only four seedlings which were triploid 
were reared and these were of the 2n x 4n relation. 

A selfed progeny from seedlings of 3n was obtained: one plant had 26 
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(4n—2) chromosomes and three had 27 (4n-—1) chromosomes. Of 2n x 3n 
parentage, thirty-nine plants were sn:14 and fifteen were su:15. Of 4n x 3n 
parentage, eleven were sn:29, two were 4n, and one was Jn (35 chromo- 
somes). No progeny was obtained of either 3n x 2n or 4n x 2n. Thus the 
numbers of somatic chromosomes in the plants obtained by Dermen were /4, 
15, 20, 21, 26, 27, 28, and 35. 

Data Reported by Steere (1932). Steere obtained tetraploids of the 
cultivated, large-flowered, gigas forms known as California Giants and 
Diener’s Monsters. Large numbers of seeds were obtained of 2n white- 
flowered x 4n dark-flowered and a total of 1,348 seedlings were obtained all 
of which were diploid. Since the 2n x 4n relation does not, as a rule, give 
viable seeds the large number of diploids obtained by Steere was a non- 
conforming resultant not fully explained by the view that pseudogamy may 
have occurred. Of a 4n x 2n relation all sixteen members were triploid and 
there were nine other triploids produced by Dr. E. E. Dale of another 4n x 2n 
CTOSS. 

Data Reported by Tjeblbes and Levan. Tjebbes (1932) obtained fifteen 
stocks of cultivated petunias among which there were tetraploids of the 
superbissima type and diploids that were incorrectly called P. violacea and 
P. nyctaginiflora. He observed much self-incompatibility among the plants 


?, violacea.” Evidently selfed progenies were obtained of 


which he called “ P. 
some of the tetraploids. He found that the 2” x 4n relation gave no viable 
seeds but forty-two seedlings were grown of the 4n x 2n cross. 

In 1933 Levan took over the cultures of Petunia which Tjebbes had 
grown and he extended the studies to the analysis of chromosome numbers 
in various progenies of 4n, of 4n x 2n, and of 2n x 4n. His publication (1937) 
includes discussions and tabulations of the data obtained by others on Petunia. 
Levan makes no definite mention of self- and cross-incompatibilities in either 
the 2n or the 4n. He states that he had diploids of a stock of “ P. nyctagint- 
flora”’ that had been selfed for several generations but this may refer to 
intra-breeding. Evidently at least some of the tetraploids of his cultures were 
self-fertilization of triploids succeeds 


*¢ 


more or less self-fertile. He states that 
very seldom in Petunia”’ which suggests that there may have been factors 
for self-incompatibility in both the 2” and the 4n parents. It may also be noted 
that Levan states that the anthers of the petunias which he studied dehisced 
in the bud stage and that “ early pollinations has always proven to give the 
best results.”” The writer has already reported that the shedding of pollen be- 
fore anthesis is characteristic of the self-fertile P. parodii and its hybrids but 
not of the flowers of P. axillaris. In the survey by Levan all 4n seedlings 
were derived from 4n types already in cultivation. 

Levan’s tabulations provide data on the chromosome numbers in the 
various progenies that involved tetraploid parentage and these may be sum- 
marized as follows. The so-called “tetraploid” types of Petunia in culti- 
vation in 1933 included plants that had chromosome numbers of 27, 28, 29, 
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and 30. Selfed and cross-bred progenies of tetraploid and near-tetraploid 
plants had been grown to a number of 96 plants: twenty-three had 27 
chromosomes; sixty-four had 28; eight had 29; and one had 30. Levan 
found that the 4n x 2n relation succeeded much more readily than the re- 
ciprocal did. But his data show that no more than seven viable seeds were 
obtained in any cross, which may refer to the seeds in a capsule. He obtained 
a total of twenty-six seedlings: one had 1/8 chromosomes; four had 20; 
eighteen had 2] ; one had 27; one had 29; and one had 37. The summary of 
data reported by three others for the progeny of 4m x 2n in Petunia is as 
follows. Kostoff and Kendall (1931) grew twenty plants: one had 20 
chromosomes; one had 2/7; two had 27; and sixteen had 28. Steere (1932) 
reported a progeny of twenty-four, all of which had 2/7 chromosomes. Mat- 
suda (1935) grew thirty seedlings of which three had 14 chromosomes, one 
had 20, twenty-three had 27; one had 22; one had 23; and one had 28. 

For progenies of 2n x 4n petunias there were four reports that were 
tabulated by Levan. Dermin (1931) grew three plants that were 3n. Levan 
grew sixteen plants: six were 21; two were 3n; one was 4n—1; four were 
4n; one was 4n + 1; one was. .4n + 2. Matsuda (1935) grew eighty-nine 
plants: eighty-five were 2n; one was 4n — 1; three were 4n. Steere (1932) 
reported that 1,348 seedlings obtained of a 2n x 4n relation were all diploid. 
Steere considers that these diploids did not arise by parthenogenesis but that 
each one received a set of seven chromosomes from the ¢ parent. That such 
gametes were produced in considerable numbers suggests that if there was 
only one plant of the ¢ parentage it may have been a chimera that had some 
diploid tissue. 

The data summarized by Levan, include diverse, miscellaneous, and 
heterogeneous stocks of both diploid and tetraploid petunias that were in 
cultivation. The numbers of the progenies of any one relation are few and the 
number of plants of a progeny is often low. The individual plants that were 
involved in nonconforming resultants were not propagated as clones and 
evaluated in reciprocal relations and in other relations that would contribute 
critical data on the character of the plants and their gametes. 

Data for Experimental Tetraploids of Petunia. During the years 1937- 
1939 several reports were published on the production of somatic tetraploids 
by the colchicine treatment of diploid cultivated petunias. The citations for 
these are Blakeslee & Avery 1937; Nebel & Ruttle 1938a; Simonet & 
Dansereau 1938; Nishiyama 1938; Levan 1939; Perak 1939. 

The report by Levan (1939) is of special interest in that two octoploid 
(8n=56) plants were obtained by a repetition of the doubling induced by 
colchicine treatment of diploid seedlings. These had robust stems that were 
three times as thick as in the tetraploids, but the flowers were not as large. 
The plants were frail and fragile. There was an increase in the irregularities 
of meiosis: from 10 to 36 per cent of the pollen had contents but the plants 
produced no seeds to selfing or intra-crossing. 
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The various diploids used in these experiments were diverse cultivated 
types. The reports demonstrated that tetraploid petunias may readily be 
obtained by the colchicine technique. The tetraploids which were obtained 
were usually giant plants in comparison with the parental diploid stock, but 
the 4n seedlings grew more slowly (see especially Levan’s summary 1939). 
Only one report is known to the writer which is in disagreement with these 
data on petunias. Kostoff (1930) and Kostoff and Kendall (1931) observed 
that a spontaneous tetraploid seedling of Petunia and its seed progeny grew 
more rapidly and flowered sooner than the diploids of the cultures. Varrama 
(1947) has recently stated that the tetraploid petunia reported by NKostoff 
together with the tetraploid black currants, which Vaarama obtained, con- 
stitute “the only plants where the autotetraploid forms possess a quicker 
seed germination and are earlier flowering than the parental forms.” 

The reports cited above are in general agreement that the tetraploids of 
Petunia had a degree of potential fertility that was sufficient for seed re- 
production. Steere (1932) and Levan (1939) report that sporogenesis in 
polyploids of Petunia may be quite regular. In general, however, the amount 
of seeds per capsule was found to be less than in diploids, as is the general 
rule for autotetraploids. 

The data on seli- and cross-incompatibilities in these experimental poly- 
ploids of Petunia provide very little data on either the presence or the 
absence of self- and cross-incompatibilities in the tetraploids or in the dip- 
loids from which they were derived. The reports by Kostoff (1930) and 
Kostoff and Kendall (1931) state that a diploid plant was self-incompatible 
to normal selfing but not to premature selfing, and that the tetraploid that 
appeared among the progeny was self-incompatible to both normal and pre- 
mature pollinations. 

Blakeslee and Avery (1937), who obtained somatic autotetraploids of 
several diploid plants including cultivated Petunia, stated that “ tetraploidy 
has changed a self-sterile to a selt-fertile form”; but in the following year 
Blakeslee (1938) stated that ** in one case at least preliminary tests seem to 
indicate that doubling of chromosomes neither increases nor decreases the 
degree of self-sterility.” 

In a later publication by Blakeslee (1941) the following statements were 
made: * Doubling chromosome number of self-sterile plant may increase 
slightly the production of seed to selfing. Such an increase was observed in 
Petunia.” According to the summarized data, both 2n and 4n plants of 
Petunia produced capsules but a higher percentage of the 4” capsules con- 
tained seeds, but in one variety neither the 2m nor 4n contained a full set of 
seed. But “there was no striking difference in the set of seeds from self- 
pollinating 27 and 4n plants of the following forms that are predominantly 
self-sterile: Portulaca parana, Cosmos sulphureus, Rudbeckia hirta.” It was 
concluded that the effect of tetraploidy on self-incompatibility in the species 
which were studied “ cannot be great.” 
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Reproduction in the Autotetraploids of Petunia axillaris. New Speci- 
ficity. The data for these plants presented in Chapter 8 fully demonstrate 
that all members of the generations that were grown had a high degree of 
potential fertility, were self- and cross-fertile, and were evidently uniform for 
the tetraploid constitution. There was also an almost complete sterility 
barrier to crossing with the diploids of P. axillaris. Without exception each 
of the numerous members of the seed-grown tetraploids was readily to be 
distinguished from the parental diploids and their intra-bred progenies. In 
comparison with the latter, the tetraploids had thicker stems, larger leaves, 
larger flowers with conspicuously larger anthers and pistils, larger pollen 
grains that were often quadrilete, larger capsules, and larger seeds. Also the 
seeds of the tetraploids were slow in germination and the seedlings grew 
slowly and reached flowering age after a longer period of vegetative growth. 
Hence it is doubtful that such tetraploids could be established naturally in 
ecological habitats where the parental diploids thrive as annuals. All the 
tetraploid plants were self-fertile, while their somatic diploid parents were 
self-incompatible. In comparison with the diploids, the autotetraploid plants 
showed discontinuous variation to the degrees just noted. That they should 
be considered a new species is questionable. In this report they are called 
tetraploids of Petunia avillaris. 

Potential Fertility. All the tetraploids of P. avillaris, of original 
somatic branches and of seedlings, possessed a high degree of potential 
fertility which provided for sexual reproduction by means of viable seeds. 
There were, however, abortions of approximately one-fourth of both pollen 
and ovules. Cytological studies revealed that unequal distributions of chromo- 
somes were frequent in meiosis, owing to multiple pairing, nondisjunctions, 
and some bridge connections. But there were associations of bivalents, 
especially in the late stages of diakinesis, which effected distributions of the 
2n number of chromosomes to many spores and gametes that were functional. 
The mature capsules of selfed and cross-bred relations contained both well- 
formed viable seeds and ovule scales and the two were sharply distinct in 
size and appearance, as is shown in figure 42 L and M. The evidence indicates 
that the abortions of the ovules which became scale ovules were chiefly 
absolute in status in that such ovules were unable to function in any relation. 
The examination of sections of capsules at various stages of development 
showed that the ovule scales were usually scattered at random on the placenta, 
that few contained an embryo and endosperm at any stage, and that their 
size increased to the extent indicated in figure 42 L. As the capsules enlarged 
the true seeds soon surpassed the scale ovules in size and the latter became 
compressed. There was, however, evidence that a few of the ovules which 
possessed haploid egg cells did not function in producing viable zygotes in 
selfing or in intra-breeding but may do so in the forced fertilizations of cer- 
tain other relations, as disgenic 4m x 2n. Such ovules were evidently few in 
number. 
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Numerous studies indicate that autotetraploids have greater proportions 
of abortions of spores than their parental diploids have and that there are 
fewer viable seeds per capsule. There are relatively few autotetraploids in 
which there is no potential fertility. The evidence indicates that this abortion 
is chiefly a resultant of multiple pairing. It has been established that allo- 
tetraploids that are derived from sterile hybrid diploids may have high 
potential fertility and functional diploidy due to the selective pairing of each 
pair of the duplicated chromosomes. The abortions, which decrease the po- 
tential fertility of autotetraploids that are derived from diploids that have 
high potential fertility, are resultants of the extension of homologous pairing 
to tetrasomes. The abortions of the spores of many diploid hybrids result 
from non-pairing or from lack of harmony after pairing. When tetraploids, 
and especially somatic tetraploids, are derived from sterile hybrid diploids 
the duplication of each chromosome provides identical partners whose bivalent 
pairing may establish an amphidiploid status in the entire chromosomal 
constitution. 

A fundamental feature that affects the degree of potential fertility of both 
auto- and allotetraploids is the extent to which preferential pairing of chromo- 
somes establishes functional diploidy. Many natural species that are called 
diploid have had an origin through polyploidy. In evaluating such plants the 
determinations of both the number and the behavior of chromosomes are of 
significance. 

The Stability of the Tetraploid Constitution. The evidence is reasonably 
conclusive that all members of all seed-grown progenies derived from the 
somatic autotetraploids of P. axillaris by self- or intra-cross pollinations were 
tetraploid. These were, however, the survivals of germination in soil, and not 
all seeds germinated. Every plant that was grown was self-fertile and had 
large-anthers and pistils and all of the other features that characterized the 
original somatic tetraploids. Chromosome counts in pollen-mother-cells were 
made for more than 100 plants and the number of twenty-eight chromosomes 
was found in every one. but some of the members that were self-fertile may 
have been paratetraploid for it was found that some of the segregates in the 
selfed progenies of triploids which had 23-28 chromosomes were self-fertile 
(figure 48). 

It has already been noted that the aggregate of somatic chromosome 
numbers found in the “ tetraploid” cultivated petunias ranged from 25 to 30 
inclusive, but that the tetraploid number of 28 was most frequent (Levan 
1937). Evidently there was less stability in this reproduction in heterogeneous 
cultivated petunias of hybrid origin than in the autotetraploids of the pure 
stock ci P. axillaris. 

Diallelic Statas and Reproduction. The original somatic tetraploids of 
P. axillaris were obtained of diploid plants that were heterozygous for S 
factors and hence each one must have been a balanced diallelic for S factors 
(as S 1.1.2.2). The line of selfed progenies derived from any one of these 
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plants appeared to maintain the same diallelic genotype. This was revealed by 
the differential reactions in syngenic and disgenic relations with the different 
diploid genotypes and especially with those that were homozygous (see 
figures 38 and 39). The resultants of all the tests definitely proved that no 
tetraploid, or paratetraploid, or triploid plant was homoallelic (as S 1.1.1.1). 
But the tests did not distinguish between balanced diallelics (as S 1.1.2.2) 
and the unbalanced diallelics (as S 1.1.1.2) that may also have been present. 

The members of all the diploid parental stock and of all progenies obtained 
of normal cross-pollinations, but not of premature self-pollinations, were 
heterozygous for S factors. These factors operated as alleles in the diploids in 
a simple personate type of reaction and the plants were definitely diploid for 
the S factors. The duplication of the seven homologous pairs of chromo- 
somes in the tetraploids produced six groups of four chromosomes, or tetra- 
somes, that were practically alike and which carried no S§ factors and one 
tetrasome of which two duplicated chromosomes carried the same S factor 
while the other two duplicates carried a different S factor. Thus in the 
meiotic pairing of such chromosomes there may be (a) the pairing of 
identical duplicates or (b) the pairing of homologous chromosomes that are 
not duplicates. The type of pairing in the tetrasome that carries S factors 
can be evaluated by the reactions of S factors in the members of the different 
progenies derived from the tetraploids. The extent to which multiple pairing 
occurs may be determined by cytological studies; and the extent to which 
abortions occur in microsporogenesis may be determined by the evaluations 
of pollen and of the production of seed. The two main features to be de- 
termined are (1) the effect which the doubling of chromosomes has on 
potential fertility and (2) the effect which it has on the pairing of the 
chromosomes which possess the S factors. 

A diallelic status of an entire progeny that is derived from a balanced 
diallelic could be maintained by either of two processes: (a) The selective 
pairing of the two chromosomes that carry the same S factor would produce 
one class of heterogenic 2 spores and gametes and the progeny would then 
comprise one genotype that would be a balanced diallelic; while such a con- 
dition is possible in autotetraploids as well as in allotetraploids it is con- 
sidered to be rare in experimental autotetraploids and in others of recent 
origin (Little 1945); (b) a random pairing of the chromosomes or chroma- 
tids that carry the S factors would produce all three of the possible 2n 
classes of pollen in the theoretical proportions of 1:4:1; then, if only the 
heterogenic pollen functions with all three classes of eggs the formula for 
gametic fusions would be (1, S 1.1; 4, § 1.2; 1, S 2.2) 9xS 1.2 6 and the 
progeny would be composed of three diallelic genotypes of which two are un- 
balanced and one is balanced. 

The Inactivation of S Factors in 4n P. axillaris. In the first report 
(Stout & Chandler 1941) that the somatic tetraploid branches on fifteen dif- 
ferent self-incompatible diploid plants were self-fertile, it was stated that “ at 
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least one, if not more, of the classes of pollen that segregated from the tetra- 
ploid complex is able to function in the production of seed after self- 
pollination.” This statement was prompted by the observation that many of 
the pollen tubes remained in the apical part of the self-pollinated pistils. —Ttwo 
months later Straub (October 1941) reported that self-fertile tetraploid 
branches had been obtained on diploid self-incompatible plants of wild races 
of Antirrhinum glutinosum and A. molle, but evidently no reports on the 
behavior of seedling progenies have been made. Straub considered that the 
self-fertility of the tetraploids may be due to a dilution of an inhibiting sub- 
stance in the enlarged tetraploid cells of the pistils or to a change in the 
character of the pollen tubes that was effected by the presence of two dif- 
ferent S factors. A few months later (January 1942) Lewis and Modlibowska 
made the postulate that the increased degree of self-fertility of the tetraploid 
bud-sport, known as the Improved Fertility Pear, involved the selective in- 
activation of S factors in the pollen tubes that were heterogenic (as S 1.2) 
and that the homogenic (S /./J and S 2.2) pollen tubes retained incom- 
patibility reactions. 

The selt-fertility of all plants of 4n P. axillaris demonstrated that the S 
factors, which were active in the diplont-haplont reactions of pollen-tube 
growth in the parental diploids, became inert in at least some one of the 
classes of pollen involved in the self- and cross-relations of the derived tetra- 
ploids. Two features of the reproduction suggest that the inactivation is 
selective for classes of pollen produced by the tetraploids; (a) The pollen 
tubes in self-pollinated pistils of the 4n plants were distributed at various 
levels in the styles and (b) no homoallelic members were obtained in any 
selfed progenies. One hypothesis for explaining such resultants is that the 
inactivation of S factors occurs only in heterogenic pollen tubes as proposed 
by Lewis and Modlibowski. The other hypothesis is that only gametes that 
are heterogenic are produced. 

The Conception of Antigen-Antibody Reactions in Incompatibilities. 
That intraspecific self- and cross-incompatibility may be similar to antigen- 
antibody reactions has been recognized by Stout (1916), East (1929, 1934, 
1935), and Sears (1937). Lewis (1943a) applied this conception in detail 
and proposed that when two different S genes are together in the nuclei of 
2n pollen tubes there is a competition that results in the failure of each of 
the two S factors to produce its specific antigen. The application to diploids 
is that the incompatibility reaction is one of agglutination; that the antigen 1s 
produced in a pollen tube; that the antibody is formed in the tissues of the 
pistil; and that a pollen tube that grows in a style that has the homologous 
antibody absorbs this antibody and then there is a precipitation reaction that 
checks or stops the growth of pollen tubes. It is assumed that the antigens are 
polysaccharides and that antibodies are proteins and that the homologous 
specificity of the two is determined by the same S factor. It was considered 
that the presence of two different S$ factors in the nuclei of a pollen tube of 
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a tetraploid automatically results in a competition that weakens or prevents 
the incompatibility reaction of that tube in syngenic relations. It was also 
assumed that homogenic pollen tubes (as S 1.1) will retain their incom- 
patibility action in syngenic relations. 

Further Experimental Evidence in Petunias. Conclusive evidence on the 
point mentioned above could undoubtedly be obtained in P. axillaris, and in 
other plants also, from an analysis of the behavior of monoallelic tetraploids 
that are produced by the colchicine treatment of homozygous diploids. In the 
hope of obtaining such evidence, during 1945 many vegetative buds on ramets 
of S 1.1 and S 3.3 genotypes were treated, but no tetraploid branches were 
obtained. The earlier treatments that had readily effected tetraploid branches 
were applied to the first laterals of young and vigorously growing seedlings. 
Also the tests which proved that all of the 4m plants which were obtained 
were diallelic did not distinguish between the balanced and the unbalanced 
diallelics that may have been present. If monoallelic pollen (as S J.J and 
S 3.3) retains incompatibility reaction the monoallelic tetraploids of P. 
axillaris should be self-incompatible. 

Degrees of Inactivation of S Factors. The data on natural and ex- 
perimental tetraploids indicate conclusively that there are extreme differences 
in the extent to which S factors are inactivated. 

(1) There are inactivation and self-fertility, as noted above, for somatic 
tetraploids of Antirrhinum glutinosum and A. molle; and for all somatic 
tetraploids of Petunia axillaris and for all of their selfed seedlings. But in 
these cases there may still be cryptic incompatibility for the homogenic pollen. 

(2) In contrast to the above cases, there may be continued self-incom- 
patibility of all tetraploids; as reported by Howard (1942) for somatic 4n 
branches of self-incompatible plants of Brassica Rapa, B. campestris, and 
Raphanus sativus; by Hecht (1944) for 4n members of Oenothera rhombi- 
petala; by Lewis (1942, 1943a, 1947) for all 4n seedlings of Oenothera organ- 
ensis, in which, however, the degrees of incompatibility were somewhat re- 
duced; by both Warmke (1942, 1944, 1945) and Bannan (1945, 1946) 
for tetraploid seedlings of Taraxacum Kok-saghyz; and by Kerns and 
Collins (1947) for induced somatic autotetraploids of the Cayenne clone of 
pineapple. 

(3) Of special interest are the resultants reported by Atwood (1944 a 
and b) for the induced tetraploids of Trifolium repens and their seed-grown 
progenies. Tetraploids were obtained which were considered to be diallelic 
and these were self-incompatible. A progeny of 29 members was obtained of 
two of the self-incompatible 4n plants that had no common S factor, as 
S 1.1.2.2 x S§ 3.3.4.4. Three of this progeny were self-incompatible but 26 
were self-fertile. It was considered that the self-incompatible members were 
diallelic (as S 1.1.3.3) and that those that were self-fertile were either 
triallelic (as § 1.1.3.4) or quadriallelic (as $ 1.2.3.4). 


It is obvious that the most adequate evaluations of self- and cross-incom- 
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patibilities depend on a knowledge of the degrees of the reactions and of the 
patterns of the cross-reactions, not only in the 4n but also in the respective 
parent or parents. Experimental tetraploids provide material for such 
analyses. But at the present time such studies are few in number, limited in 
scope, and often incomplete. The somewhat provocative statement has been 
made that “all natural autotetraploid races of self-incompatible species are 
self-compatible * (Lewis & Modlibowski 1942; Lewis 1943a). The inference 
is, it seems, that either the S factors have been inactivated permanently or 
that they were eliminated by selective reproduction, and that this condition 
always occurs in autotetraploids but not necessarily in allotetraploids. Little 
(1945) remarks that “this conclusion is too broad, for there are some ex- 
ceptions as the North Temperate autotetraploid species of J ,radescantta, 
which are self-incompatible as the diploids from which they arose.’ There 
is evidence that various wild species that are obviously polyploid have self- 
and cross-incompatibilities but many of these may be alloploids. 

Reproduction and Sterility Barriers in the Relations between Diploids 
and Autotetraploids. 7she Earlier Data. The data for autotetraploids of 
Oenothera, Datura, and Solanum were summarized by J¢@rgensen (1928) 
with the addition of new data from his own experimental studies with 
Solanum. He reported that autotetraploids usually have potential fertility 
that is less than that of diploids, that they seldom cross with the diploids of 
the species, and that, when a cross relation gives some seed, the progenies 
are usually triploids that have low potential fertility. It is to be noted that 
all the species which J@rgensen reviewed, and the others which were in- 
volved in his own experimental studies, had no intraspecific self- and cross- 
incompatibilities. Hence, the failure of the autotetraploids to cross with the 
diploids involved no feature of intraspecific incompatibilities but was an ex- 
pression of a new relative specificity. 

In 1933 Muntzing surveyed the evidence that had accumulated in regard 
to the extent and nature of the failure of crosses between 4n and 2n chromo- 
somal species and races. He concluded (a) that the 4m x 2n relation gives 
some progeny more frequently than does the 2n x 4n relation; (b) that the 
failures most frequently involve seed abortions as especially recognized by 
Watkins (1932) for hybridizations; and (c) that the progenies of such 
crosses (Gairdner 1926; Kostoff & Kendall 1931; Dermin 1931, for 4n with 
2n) may possess chromosome numbers that range from 2n to 4n. Muntzing 
developed the conceptions that there is a selective functioning of gametes 
and also a zygotic abortion that arises during the development of embryo 
and endosperm because of relative differences in the number of chromo- 
somes. The term “incompatibility ” was applied to the failures of repro- 
duction in the relations between 2n and 4n and this was included with 
phenomena of “ hybrid incompatibility.” 

In 1936, Muntzing published an extensive evaluation of the data on the 
reproduction and the specificity of autotetraploids. It was emphasized that 
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purely quantitative and numerical doubling of chromosomes will effect 
changes in the processes of reproduction to the extent that different chromo- 
some races of a single species are prevented from crossing with each other 
by “ barriers of incompatibility and sterility.” Muntzing made no mention 
of the intraspecific self- and cross-incompatibilities that are known to operate 
in some of the diploid species that are closely related to certain of the tetra- 
ploids which he discussed. He emphasized that the barrier in question is most 
frequently effected by the abortion of zygotes after fertilization. Hence the 
so-called incompatibility is not a reaction between pistils and pollen tubes, as 
in intraspecific incompatibilities, but is a nutritional disharmony between the 
embryo, endosperm and nucellus in the ovules of the female member. It is a 
resultant of relations between two groups of plants that differ in ploidy and 
not of self- and cross-reactions within a single group. Also, since it occurs in 
true autotetraploids purely as a resultant of quantitative chromosome 
doubling, it is distinct from the steriliters of hybridity that are frequently 
called “* hybrid incompatibility.” This term was, however, used in the title of 
Muntzing’s 1933 publication which chiefly discussed the cross-relations of 
autotetraploids. 

The Tetraploids of Petunia axillaris. The diploid plants of P. axillaris 
had intraspecific self- and cross-incompatibilities. The autotetraploids derived 
from such plants were all self-fertile. But the evidence is conclusive that 
their pistils retain incompatibility reactions with diploid pollen in syngenic 
relations. The data show that the expressions of the new specificity of the 
dn in relations with the 2n can only be judged by the resultants of disgenic 
relations or by those relations in which the S factors are inactivated in the 
polien. The data for the 4n x 2m and the 2n x 4n may now be evaluated in 
this respect. 

There were always fine capsules in any 2n x 4n relation, either syngenic 
or disgenic. But seed abortions developed in both of these relations. The 2n 
female parents had a high degree of potential fertility hence the abortions of 
their ovules were relative and not obligate. In the 2n x 4n relations seeds of 
good size were formed, presumably to the full extent of the potential fertility 
of the ovules, but when the capsules were ripe very few of the seeds contained 
a viable embryo. From a total of over 12,000 seeds only three seedlings were 
obtained and one of these which was 4n was probably from a stray seed. It 
is considered that pollen tubes of the 4n functioned in fertilization in the 
syngenic 2n x 4n relations, as they did in selfing, and that in the disgenic 
relations any class of pollen may function. Thus, in all 2n x 4n relations the 
superimposed mechanism of incompatibilities was inoperative and the basic 
mechanism of reproduction in the 2n female and the 4n male was operative 
up to the point of seed development. Then, in accord with the evaluations by 
Miintzing, there is a shift from the normal ratios of 2m embryo: 3n en- 
dosperm: 2n nucellus to a ratio of 3n embryo: 4n endosperm: 2n nucellus 
that involves disharmony in development and effects zygotic abortion. 
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In the 4 x 2n relations in P. axillaris the incompatibilities of the haploid 
pollen continued to operate in all syngenic relations and when both S factors 
of the diploid pollen were syngenic the incompatibility was complete and the 
ovaries did not begin to enlarge. In diploids this condition involves the failure 
of haploid pollen tubes to effect fertilization and it is considered that this is 
also the condition in syngenic 4n x 2n relations. 

The early reports (Stout & Chandler 1941, 1942; Stout 1945a) referred 
only to syngenic relations of 4m x 2n and were in error in considering that the 
degree of this sterility was an expression of specificity. Further extensive 
tests revealed that in all disgenic 4n x 2n relations, for either one or both S$ 
factors of the ¢ ¢ 2n, there were large capsules which contained numerous 
pseudoseeds. From several thousand of such seeds only twenty-four seedlings 
were obtained. Thus when there were no incompatibilities for either one or 
both S factors of a 2m 4 é, there were many embryo abortions after 
fertilization and relatively few survivals of zygotes. 

That seed abortions may be due to other causes than purely quantitative 
and numerical differences in the chromosome numbers of two parent plants 
of a cross-relation has been recognized (especially Brink & Cooper 1947). 
But the data that have accumulated since the evaluations by Muntzing (1936) 
have very fully demonstrated that embryo abortion constitutes a very general 
and effective barrier to the crossing of 4m and 2n plants in which there are no 
S factors. 

The Seedlings of 4n x 2n P. axillaris. Twenty-seven seedlings were 
obtained of 4n x 2n relation that was disgenic for one S$ factor: seventeen 
were triploid (sn:14+7), one was sn-:18, and nine were diploid (sn:14). 
These seedlings were derived from parents whose S genotypes were known 
and their reactions with testers revealed their respective genotypes for S 
factors. 

All of the thirteen triploids that were evaluated were triallelic (figure 
44) and § 1.2.3. Only disgenic pollen tubes had functioned in the production 
of the plants that survived embryo abortion. The female gametes that 
functioned were, without a doubt, 2n and heterogenic. No homogenic egg 
cells had functioned which suggests that such gametes may not have been 
produced. 

Seven of the eight diploids were analyzed (figure 43). All were 
heterozygous. Those that were S 1.3 certainly arose from gametes that were 
@ S land ¢ S 3. Those that were S 1.2 arose from § 1.1.2.2 x S 1.3 and 
these could have arisen from @ S 2 x S 1, or from an S 1.2 egg cell that was 
parthenogenetic. But there has been no conclusive evidence of partheno- 
genesis in any of the petunias that were studied. 

The evidence is conclusive that the S$ 1.3 members of this 4 x 2n prog- 
eny arose from haploid eggs. Hence the tetraploids may produce some haploid 
egg cells which function in reproduction when pollen tubes are haploid and 
disgenic. But no triploids or diploids were obtained in any of the numerous 

















STOUT: REPRODUCTION IN PETUNIA 147 


selfed or intracrossed progenies of the tetraploids, and hence any haploids 
that were among the spores and gametes either did not function in fertt- 
lizations or did not produce viable offspring. The controlled 4n x 2n pol- 
linations enforced the action of only haploid pollen tubes; the 4m selfings 
involved competition between large numbers of 2n pollen tubes and the 
relatively few haploid pollen tubes that were sometimes present, and also 
there was competition which eliminated 2n and 3n zygotes. A large number of 
#n zygotes regularly survived. 

It is a fact that no egg cells that were homogenic (S 1.1, S 2.2, or S 3.3) 
functioned in the production of any of the seedlings obtained of 4n x 2n. But 
the number of the seedlings is too few to demonstrate that such egg cells were 
not present in the ovules of 4m diallelics. Here, as elsewhere in the studies 
of tetraploids, it would be of value if known monoallelic 4n genotypes were 
obtained for comparisons of reactions, for use as testers, and as parents of 
progenies that could be fully evaluated. 

Sexual Reproduction in the Triploids The Kole and Status of Trip- 
loidy. Wuthout question the chief significance in the evaluation of triploids 
is the role which they may have in the origin of new associations of chromo- 
somes that are, or that may become, functional dysploids, secondary poly- 
ploids, and amphitriploids. The survey of the somatic chromosome numbers 
in flowering plants (Darlington & Janaki Ammal 1945) unmistakably re- 
veals that many cases of dysploidy and secondary polyploidy have arisen 
during the origin and differentiation of genera and of species within genera. 
That the patterns of sexual reproduction in triploids may provide material 
for the origin of such species is evident. That they provide exceptional op- 
portunities in experimental selective breeding for the development of true- 
breeding dysploids, aneuploids, and double triploids is also evident. 

The extensive studies of triploids in flowering plants are in general 
agreement on three main features. (1) Triploids arise by the fusion of 
gametes that are unequal in the number of genomes. (2) The processes in the 
developments of zygotes and endosperm in seeds limit the survival of trip- 
loid embryos in the ovaries of 2n, 3n, and 4n plants. (3) In the sexual proc- 
esses of triploids there are (a) many abortions of spores, gametes and 
embryos that are often selective, (b) a decided failure to employ the limited 
potential fertility in the sexual production of offspring that are also triploid, 
and (c) the production of many numerically new organizations of chromo- 
somes in the survivals of spores, gametes and zygotes. 

There are few experimental studies in which the number of the members 
obtained in the selfed progeny of a triploid has been large enough to provide 
adequate data on the complete pattern of the sexual reproduction. Frequently 
the evaluation of the potential fertility of a triploid is based on the progenies 
of crosses between it and diploids or tetraploids. The data that have been 
obtained reveal noteworthy differences in the character of the offspring of the 
triploids of different genera and even of species of the same genera. The 
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progeny may be predominantly diploid, or tetraploid, or decidedly aneuploid, 
or there may be still higher levels of ploidy. Nearly always there are some 
aneuploids especially for those that are trisomic for one or more members of 
the basic genome. The evaluations of the survivals in such progenies have 
provided much significant data on the stability and balance of genomes in 
spores, gametes, and zygotes in relation to abortions and survivals. In general, 
the emphasis has been placed on the preferential survival of genomes over 
agenomes. 

By definition triploids possess three genomes. In simple autotriploids of 
AAA constitution there are trisomes for each member of a primary genome. 
In one class of allotriploids the tetraploid parent may be an autoploid 
(AAAA) and the other parent a distinct species (BB). In another class the 
tetraploid parent may be an amphidiploid, as AABB, and the diploid parent 
may be either a species directly related to the amphidiploid (as A’ A’ or 
B’ B’) or a distinct species (as CC). Hence in the meiosis in various classes 
of triploids, as well as in their progenies, there are many differences in the 
extent of the relative homologies among the members of the three genomes 
that are balanced in number. But only two of the three genomes of a triploid 
may have the same number or all three of them may have a different number. 
In such cases there are numerical as well as structural and genic features of 
homologies that have direct effects on potential fertility and the patterns of 
reproduction. 

It should be noted that the triploid constitution in the sporophytic stage in 
the life cycle of flowering plants is often a most favorable one in respect to 
vigor of growth, adaptation to survival under natural conditions either by 
vegetative reproduction or by agamospermy, and to combinations of qualities 
of value in horticulture. Among perennials many triploids have become 
established as clonal so-called “* species ’’ and the list of triploid clones among 
the flower and fruit crops is a long one (Crane & Lawrence 1947). Such 
plants provide evidence that the triploid constitution is, of itself, not neces- 
sarily a lethal one. Such a clone is, however, the multiplication of an in- 
dividual triploid seedling that escaped the abortions that perdominate when 
triploid zygotes arise in the ovules of either diploids, triploids or tetraploids. 

The basic mechanism of sexual reproduction in triploids involves the 
same mechanism of sexuality that operates in the intraspecific sexual repro- 
duction of diploids which centers in the two critical features of meiosis and 
fertilization. The data for the AAA and the AAT triploids of Petunia (cf. 
chapters 9 to 12) demonstrate the extent to which the superimposed 
mechanism of intraspecific self- and cross-incompatibilities may mask the 
potential fertility of triploids and of their progenies. When such reactions 
occur they must be determined before the pattern of the sexual reproduction 
in a triploid can be evaluated correctly. 

Data for the Triploids of Cultivated Petunias. There are, it appears, no 
records of the sponstaneous origin of triploids among the seedlings of dip- 
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loid petunias. That certain giant races of cultivated petunias are tetraploid, 
was determined in 1927 and soon thereafter there were reports that 5 trip- 
loid seedlings had been obtained of 2n x 4n relations, and that 67 others had 
been obtained of the 4n x 2n relation (Dermen 1931; Kostoff & Kendall 
1931; Steere 1932; Matsuda 1935; and Levan 1937). Levan has tabulated the 
data tor the progenies that were obtained of 3n selfed, 3n x 2n, 2nx 3n, 3n x 
4n, and 4n x 3n. The aggregate number of seedlings was 322: of these 101 
were 2n; 55 were 4n; one was 3n; and one was Jn. In these there were pre- 
sumably multiples of the genome number of 7. But there were also 154 
members that were aneuploid and these included some of all the somatic 
numbers of 15, 16, 17, 18, 19, 20, 24, 25, 26, 27, 29, and 31. Thus there were 
survivals of a wide range of agenomic spores and gametes and of their 
combinations in zygotes. The triploids of these studies were of diverse hybrid 
origins and the pedigrees of the various progenies were not indicated. 

There were several studies of meiosis in these triploids. Dermen de- 
termined the frequencies of the distributions of chromosomes to sporogenous 
cells and his data for the number of cells that received from / to 14 chromo- 
somes are: 1 with /; 12 with 8; 32 with 9; 40 with 10; 41 with 17; 20 with 
12; 5 with 73; 1 with 1/4. This is approximately a binomial frequency dis- 
tribution that ranged from the genome number of 7 to the double of that 
number. But there were also monads, diads, and triads that were formed 
from a single mother-cell and some of these had more than 2n chromosomes. 
It is obvious that the zygotic progenies in petunias, including those reported 
by Dermen, do not correspond closely to the distributions observed in 
meiosis. There were relatively few spores that received either one genome 
or two genomes. But a total of 158 of the seedlings were diploids or poly- 
ploids and only 154 were aneuploid. Hence there were either excessive 
abortions of agenomic spores or of the zygotes of their fusions. The spores 
and gametes that had 9, 70, and 17 chromosomes functioned less often than 
did those that were n + 1, 2n + 1, and 2n — 7. 

It appears that only Levan has tested the patterns of reproduction in the 
offspring of triploids of petunias and his studies were confined to plants that 
were 2n + 1. Of two progenies of 2n + 1 selfed there were 7 and 5 members; 
of one 2n + 1 x 2n + 1 relation there were 13 members; of three 2n + 1 
“free flowering” progenies there were 4, 2, and 13 members. Of these 
plants, 31 were sn:1/4 and 13 were sn:15. Of the 2n + 1 x 2n relation there 
were 9, 10, and 18 plants of which 28 were sn:14 and 9 were sn:15. Of 2n x 
2n + 1 there were 81 members of which 80 were sn:14 and 1 was sn:15. It 
was concluded that the egg cells of 2n + 1 plants may carry some n + 1 
chromosomes as well as » chromosomes but that » + 7 pollen grains rarely 
contributed to a viable embryo. There were 24 plants that were sn:16 in 
Levan’s progenies of 3n x 2n and two others of 3n x 3n parentage, but these 
were probably 2n + 1 + 1 (2n + a+ b) and trisomic for two members of the 
genome. At any rate no 2n + 2 (2n + a +a) plant was obtained of a selfed 
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2n + 1 parent. Such a plant should arise from the fusion of two gametes that 
were n + 7 and which carried the same extra chromosome. The balanced and 
mated condition in the chromosome complement should effect increased 
potential fertility and true-breeding stability of a genotype that was dysploid. 

Levan collected seeds of open-pollinated capsules of some 15 or more 
plants of various parentage (3n x 2n, 3n x 4n, 4n x 3n,2n x 4n, 4n, and 4n- 
I x 2/) and grew a total of 116 plants. Of these 55 were 2n, 35 were 4n, 17 
were 2n + 1, 1 was 2n + 2, 2 were 4n — 1, 4 were 4n + 1, and 2 were 4n + 2. 
These data together with those obtained from progenies of 2n + J parentage 
were interpreted as evidence that a mixed population of 2n, 4n, 3n, and their 
aneuploid progenies will, in a few generations of natural seed reproduction, 
eliminate the aneuploid forms including * all members in the proximity of the 
triploid number.” It was emphasized that, in such populations, “ balance is not 
acquired in nature until all aneuploids have been eliminated and only diploids 
and tetraploids remain.” It may be granted that the evidence indicates that 
most aneuploids are trivalents and hence partly triploid and that they, as well 
as triploids, cannot breed true to their chromosome numbers. But it must 
be recognized that new dysploids may originate both in nature and in ap- 
propriate experimental breeding. 

The intormation concerning the self-fertility and the self-incompatibility 
of the triploids of cultivated petunias may be reviewed. Kostoff and Kendall 
(1931) state that the one triploid that they obtained was “ self-sterile ”’ but it 
produced seeds to the pollen of 4n plants. Steere (1932) states that his trip- 
loids were self-fertile and cross-fertile, but that they were derived from self- 
fertile diploids. Levan (1937) states that “ self-fertilization in triploids suc- 
ceeds very seldom in Petunia,’ but he makes no definite mention of either 
self- or cross-incompatibilities in any other of his petunias. If Levan’s trip- 
loids were truly self-incompatible they must have obtained S factors from 
both of their 2n and 4n parents. According to Tjebbes (1932) there were 
self- and cross-incompatibilities in some of the stocks of the petunias which he 
turned over to Levan. 

The Autotriploids of Petunia axillaris. The 13 seedlings of this group 
were obtained from disgenic relations of AAAA x AA. Seven seedlings were 
of S 1.1.2.2 x S§ 1.3, and six were of S 1.1.3.3 x S 1.2. These AAA triploids 
were all self-incompatible and cross-incompatible in all relations. The tests 
of them as females with pollen of known diploids revealed that all were 
S 1.2.3 (figure 44). They were derived of relations that were disgenic tor 
only one S$ factor and only those pollen tubes that carried this factor had 
functioned. Thus the 3n plants continued to have incompatibility reactions 
with syngenic haploid pollen but had no such action with their own hetero- 
genic pollen in self-fertility. The pistils of these triploids whose somatic cells 
possessed three different S factors (S 1.2.3) had incompatibility reactions 
with any syngenic haploid pollen. They produced no capsules to normal 
selfing even though they produced some heterogenic pollen but it may be 
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that the functional heterogenic pollen tubes in selfing were too few to effect 
the formation of capsules. 

The studies of meiosis of the AAA triploids indicated that the sporog- 
enous cells collectively received chromosome numbers of from 6 to 15 with 
still lower numbers in the small supernumerary cells and that there were 
many abortions of spores. No triploids were obtained of fully disgenic 
constitutions, as § 4.5.6, that could be used to determine the degree of seed 
production possible in disgenic relations between triploids. But the seeds 
obtained of S 1.2.3 x S 4.5 indicated that approximately 10 to 20 per cent of 
the ovules were able to function in the formation of large seeds with em- 
bryos. This is a rather high potential fertility for autotriploids, but the 
genome number of / is a low one and the chromosomes are short (Sullivan 
1947) which are conditions that are considered favorable (Darlington 1937) 
to complete disjunctions in the meiosis of polyploids. 

It seems that the fully disgenic relations of AAA x AA (S§ 1.2.3 x S 4.5) 
were more highly productive of good seeds than were the relations of 
AAAA x AA. There were, however, no fully disgenic tetraploids, as 
S 4.4.5.5, that could be used in relations with the S 7.2.3 triploids. The re- 
ciprocal relations of S 1.2.3 with S 1.1.2.2 and S 1.1.3.3 (figure 45) were 
tested. These gave induced parthenocarpic capsules when S$ 1.2.3 was 
and no capsules when S$ 1.2.3 was ¢. The failure of heterogenic pollen to 
effect viable embryos in these 3n x 4n relations corresponds to the resultants 
of 2nx4n. Since the same failures are characteristic of the same crossing 
relations 1n which no S factors are involved, these failures in the petunias 
may be considered as expressions of the barrier of specificity that is inde- 
pendent of S factors. 

The resultants of the tests of S 1.1.2.2 and S 1.1.3.3 x S 1.2.3 were 
definite that there were either no capsules or a few shrivelled ones of small 
size. Hence the disgenic pollen and the heterogenic pollen had not been in 
sufficient number to effect development of capsules. Thus it appears that the 
AAA triploids were less able to make use of their potential fertility in re- 
lations with ¢n than in relations with 2n. These resultants are, however, not 
in complete agreement with the behavior of cultivated petunias in which a 
totai of 87 seedlings were obtained of the reciprocal relations of 3n with 4n 
(tabulation by Levan 1937). 

No progenies were grown which had any of the AAA triploids as a parent 
and hence there are no data for the pattern of their sexual reproduction or 
for the chromosome numbers in the gametes that were able to function. 

Reproduction in the AAI Allotriploids. Six triploids and one sister 
seedling that was 3n — 1 were obtained from the seeds in one capsule of 4n P. 
axillaris (S 1.1.3.3) x 2n P. integrifolia (S a.b). This hybridization did not 
involve any incompatibility reactions betwen S$ factors that were common to 
both parents. But each parent had S factors of the same personate type and 
in the F, and Fy. of the diploid hybrids these factors had allelic associations 
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and a high degree of homologous allosyndesis. It is, however, to be noted 
that in the S$ 1.3 x S a.b and the S 1.1.3.3 x S§ a.b hybridizations the S a 
factor did not appear in any of the progenies that were grown. The basis of 
this non-conforming resultant was not tested further. The tests of these AAT 
triploids indicated that all were S 1.3.b. Hence the egg cells that had func- 
tioned were heterogenic (S 7.3). But in the AAI S 1.3.b x II (S a.b) the 
S a factor appeared in 22 of the progeny. 

The AAT triploids were self- and cross-incompatible but these relations 
were fully syngenic. As in the case of the AAA triploids the heterogenic 
pollen that may have been formed did not function in self- or intra-genotype 
relations. But also no capsules were obtained by any cross-relations between 
AAA and AAI triploids which differed in one S factor (S 1.2.3 and 
S 35. 

Progenies of certain of the AAI triploids were obtained of premature 
selfing and of crosses with diploids and tetraploids. The determinations of 
the S factors and the chromosome numbers in the plants of these progenies 
make possible the evaluations of the patterns of reproduction in respect to 
potential fertility, to the range and frequency of the chromosome numbers in 
gametes and zygotes, to the selective action of S factors, and to the reactions 
that were expressions of unilateral sterility and fertility of hybridization. 

Chromosome numbers were determined in 13 members of the premature 
selfing of AAI, in 23 seedlings of AAI (S 1.3.6) x II (S a.b), of 26 seed- 
lings of AAI x S$ 1.1.2.2 and § 1.1.3.3. The summary for all of these plants 
(figure 59) reveals that one was 4n, 4 were 2n, none was Jn, and 59 were 


aneuploid. Of the latter, 13 were 3n-—1, 12 were 2n+ 1, and all other aneu- 


ploid numbers between 2n and 4n were represented except 21, 22, and 27. 
Thus in relatively few cases did genomic gametes of the triploids function 
and evidently some egg cells functioned which had each of the agenomic 
numbers between » and 2n. Also in the progeny of premature selfing there 
was no member less than sn:19, hence there were no survivals of any fusions 
between gametes that were n, n+/, or n+2. But since there had been pre- 
mature selfing the offspring may not indicate the full range of potential 
fertility. 

Of the progeny of the premature selfing of S 1.3.b the two members that 
were sn:20 and the one that was sn:19 were self-incompatible and S$ 1.3.0 
(figure 48). Hence in their origin one gamete had been heterogenic and the 
other had carried a different S factor and the chromosome numbers in the 
gametes could collectively have been 7 and 12, 7 and 13, 8 and 12, 9 and 1/1, 
and 10 and 10. The eight numbers that were collectively sn:23, 24, 25, 26 
and 28 were all self-fertile and triallelic. Since the triallelic triploids were self- 
incompatible, it is assumed that each of these self-fertile triallelics had four 
S factors of which one was duplicated (as S 1.1.3.b). Some of the known 
self-fertile tetraploids of P. axillaris were triallelic (as S 1.1.2.3). If this 


assumption is correct, the two gametes that fused to give each of these self- 
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fertile aneuploids (sn:23 to 26) were heterogenic and had one S factor in 
common. Also at least one of the gametes was agenomic and less than 2n. 
The evidence seems to indicate that in petunias the presence of four S 
factors of which two or more are different (as S 1.1.3.3, S 1.1.2.3 and 
S 1.1.3.b) is necessary in a plant to insure inactivation of S factors in at 
least one class of its pollen. This supports the view that the inactivation oc- 
curs within pollen tubes that are heterogenic. But it appears that this con- 
stitution must be present in both pistils and pollen to effect self-fertility and 
that then a plant will be self-fertile even if its chromosome number is as low 
as sn:23. 

Each of the two progenies (17 and 28 members) of AAI (S 1.3.6) x II 
(S ab) and AA (S 1.2) contained one or more members of each of the 
classes from sn-14 to sn:20 (figure 59). It is assumed that the diploid pollen 
parents contributed only gametes that were nm and that the functional female 
gametes of the triploids collectively carried some of each chromosome number 
from / to 13 inclusive. There were only four known diploids and hence it 
may be considered that only four egg cells that were n had functioned. Two 
of these carried S b (figures 54, 55) and one carried either S 1 or S 3. All 
of the 25 members that were tested were self-incompatible and six of them, 
of AAAI x II, which were sn:16, 18, 19, and 20 were triallelic. Thus gametes 
which possessed as few as ¥ chromosomes had carried two S factors. A plant 
that was sn:16 was trisomic for the chromcsome that carried S and hence 
must also have been trisomic for one other chromosome. But of the seven 
members that were tested of AAI x AA all were self-incompatible and ap- 
parently each possessed only two S factors. In the production of these, no 
gamete had been heterogenic for S and none of the progeny that was tested 
was trisomic for a chromosome that carried S. 

The S 1.3.b triploids produced fine capsules with pollen of either 
S 1.1.2.2 or S 1.1.3.3. The number of plump seeds was usually less than 100 
which possibly indicates the number of the ovules that had some degree of 
potential fertility. But when a capsule was ripe there were few viable seeds, 
due it is believed to abortions of zygotes. Since capsules and pseudoseeds 
were the rule in all 2” x 4n and 3n x 4n relations it appears that incom- 
patibility reactions did not occur in these relations unless they were cryptic. 
The one seedling of S 1.3.b x S 1.1.2.2 that was obtained was sn:20, self- 
incompatible, and S$ 1.2.3. Evidently the egg cell had carried S 3 and the 
sperm had carried S 1.2. The one seedling of S 1.3.b x S 1.1.3.3 was sn:26, 
self-fertile, and evidently S 1.1.3.3. Presumably an egg cell that had 12 
chromosomes and was S 1.3 had fused with a sperm that had 74 chromo- 
somes and was S$ 1.3. 

The evidence concerning the status of unilateral sterility in the repro- 
ruction of the AAI hybrids and their progenies may now be evaluated. The 
relation II 9 @ x A ¢ is one of unilateral sterility. But the relation AAT 
292 x A ¢ was one of fertility in disgenic relations. Hence the I com- 
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ponent in association with the AA component did not effect unilateral 
sterility. But the seven members of AAI were all sterile as males with II 
22 (S ab x S 1.3.b), and hence their pollen tubes possessed the haploid 
complement of P. axillaris that effected the sterility in the hybridization re- 
lation of II 99 x A 6. The relation of II: S aa x AAI: S 1.3.b gave no 
capsules and hence the pollen that was S$ b was either too few in number to 
effect capsules or it had the specificity of A 2. Six of the members of the 
progeny of AAI x II (S$ 1.3.6 x § a.b) that were either S a.b or S 0b.b in 
constitution and sn:15, 16, 16, 16, 17, and 1/7 (figure 54) were all cross- 
sterile with A ¢. Hence the constitution of their pistils was sufficiently P. 
integrifolia to effect unilateral sterility. But six sister seedlings that were 
sn:14, 15, 15, 15, 18, and 18 and either S 1.b or S 3.b in constitution were 
cross-fertile with disgenic A ¢. Hence there was segregation and re- 
combination in some but not in others of those factors in pistiis which effect 
the unilateral sterility of II 9 @ x A é. It seems certain that this II @ 9 
constitution is not a single gene but is a pair of alleles or possibly a diploid 
association of complementary genes that can be reassembled in some of the 
members of back-cross progenies. This same behavior was observed in the 
F, hybrids and the back-cross progenies of P. parodi x P. axillaris (chapter 
6). 

The association of chromosomes and their disjunction in the AAT trip- 
loids is a matter of special interest. It is certain that in the diploid F, and 
F, of AI hybrids there was allosyndesis and a high degree of potential 
fertility. There was much diversity among the F.2 with intermediate ex- 
pressions of most specific characters and few members closely resembled 
either of the parents. There was evidently much interchange of genes followed 
by random assortment of chromosomes in the genomes. 

In the AAI triploids there were two genomes of A and A and one of I 
and the respective chromosomes were pure for the species. There was chance 
(a) for the normal homologus pairing of A with A and the random distri- 
bution of the members of the I genome or (b) for trivalent associations and 


competition between allosyndesis and “ autosyndesis” within each of the 
three homologs. 

In his discussion of gene ratios in triploids Lindstrom (1936) states that 
“because of the great amount of sterility in triploids it 1s not profitable to 
discuss genic inheritance ”’ and that theoretical ratios for a duplex trisomic, as 
AAa, “ are never realized in breeding experiments because the male gametes 
with extra chromosomes are rarely functional in competition with normal 
microspores.’ This emphasizes those cases in which the survivals among 
the progenies of triploids are 2n, 2n + 1, or 2n + 1 + 1 and have received 
extra chromosomes from female gametes. But the progenies of the AAI 
triploids had various recombinations of the three chromosomes which carried 
the § 1, § 3, and S 6 factors and these could be identified with certainty. The 
analysis of the combinations of S factors in the progeny may be made in 
respect to the pattern of meiosis. 
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Of the intrabred progeny of AAI (S 1.3.b) there were 1 plant of sn:19, 
4 of 20, 2 of 23, 1 of 24, 3 of 25, 1 of 26, and 1 of 28. All but the one tetra- 
ploid member were aneuploid and at least one gamete in their origin had been 
agenomic. Three of these plants were S 1.3.b and hence one gamete had 
carried one S factor and the other had carried two different S factors and 
either S$ 1.3, S 1.b or S 3.0. 

The progenies grown of 3n x 2n comprised 4 plants of sn:14, 12 of 5,9 
of 16, 4 of 17, 5 of 18, 3 of 19, and 8 of 20. The S factors were identified in 
most of these plants. Some gametes which carried each of the three S factors 
functioned. Gametes that carried two S factors functioned and evidently these 
were heterogenic, which is expected of S 1.3.5 in which all three S factors 
are allelic. The plant 238 No. 4 (figure 54) was derived of S 1.3.b x S a.b; 
it possessed S 7.b and hence the egg-cell if its origin had been S J. It would 
seem that the selective pairing of S J with S 3 in plants that were S 1.3.0 
would give gametes that were either S 1.b or S 3.b. There were, however, no 
diallelic constitutions (as S 1.1.3, S 1.3.3, or S 1.1.3.3) among the progeny 
of S 1.3.b that had either three or four S factors. The continued action of S 
factors in syngenic 3n x 2n relations would limit the appearance of such 
members in a progeny. A technique of identifying all S factors and of de- 
termining the chromosome numbers in the progenies of fully disgenic allo- 
triploids, as S 1.2.6 x S 3.4.a, would provide more definite data on the as- 
sociations of chromosomes in meiosis. 

According to the criteria of the evaluations of biosystematics recently 
emphasized by Clausen, Keck and Hiesey (1945) and Stebbins (1947) the 
status of the AAI hybrids of Petunia would be classed as autoploidy. The 
basis for such a designation is that the F,; and Fy. of P. axillaris x P. integri- 
folia are highly fertile and have a high degree of homologous pairing that 
effects bivalent meiosis and genic interchanges in diploid reproduction. On 
the basis of hybridization these two species would be classed as ecotypes of 
one ecospecies. But these two species are so distinct in numerous specific 
features that they are very properly placed in different subgenera (Fries 
1911). They certainly exemplify an extreme case of genic differentiations 
that have arisen within genomes of the same number which have retained 
the structure and the physiological properties that effect bivalent homol- 
ogies. These are not the typical ecotypes of one species or ecospecies. Their 
differentiations far exceed those that would be accorded varietal status and 
in addition the hybridization is unilateral. 

Reproduction in the Simple Triploids in Other Solanaceae than 
Petunia. (General Status. It appears that, except for Petunia, there are no 
triploids in any Solanaceae that have a lower present genome than 12. The 
genome number of J2 in the sn:24 species probably arose from the more 
primary number of 6. But in a number of the genera, the lowest genome 
number of any species is /2 and the differentiation of the chromosomes has 
acquired nonhomologous status and the genome has unity of at least second- 
ary basic status. At the present time simple triploids or autotriploids are 
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known in certain of the gn:12 (sn:24) species of Datura, Lycopersicum, 
Capsicum, and Solanum. The patterns of reproduction in such triploids pro- 
vide important information, in comparison to the reproduction of the low- 
ploid (3 x 7) triploids of Petunia, on the relative stability and balance of 
genomes, on the survival of agenomes, and on the fate of the triploid com- 
plex. The principles or rules of reproduction in autotriploids will serve as a 
basis of the evaluations of the more complex hybrid triploids that arise from 
the hybridizations of distinct 2n and 4n species. 

The Triploids of Datura stramonium. All of the eleven species of 
Datura whose chromosome numbers have been counted are sn:24 and poly- 
ploids and aneuploids have appeared only in experimental studies of Datura 
stramonium. The constitutions of the autotripioids and tetraploids, with 
respect to origin and to genome numbers of 72, were SSS and SSSS. 

There were no intraspecific self- and cross-incompatibilities in any of the 
plants of Datura that were studied by Blakeslee and his associates. But the 
relations of selfing and of crossing within each of the 3n and the 4n members 
were called * compatible.” In contrast, the relations of 2n and 4n were called 
“incompatible ’’ and this term was also applied to failures in certain of the 
hybridizations between species. These ** incompatible” reactions do not in- 
volve S factors and are entirely distinct in nature and status from intra- 
specific self- and cross-incompatibilities. 

There are no records of spontaneous triploids among the inbred seedlings 
of diploid D. stramonium. In 1916, a plant was observed which was called a 
mutation and its selfed progeny was considered to have the status of a new 
species (Blakeslee & Avery 1919). Soon this plant was found to be tetraploid 
(Blakeslee, Belling & Farnham 1920) and other similar tetraploid seedlings 
were observed among the cultures of diploids. Colchicine treatments effected 
somatic tetraploids (sn:48) and also somatic aneuploids that were collec- 
tively sn:23, 42, 43, 44, 45, 46, 47, 56, 67, and 89 (Blakeslee & Avery 1937; 
1938). This wide range of somatic aneuploidy was obtained from the diploid 
constitution of sv:24 and, to the knowledge of the writer, these results have 
not been duplicated in any other diploid species. Such a series would provide 
valuable materials for critical studies of the potential fertility and the patterns 
of reproduction in somatic aneuploids that arose from a single diploid con- 
stitution by somatic duplication of chromosomes. 

The triploids that were obtained and studied by Blakeslee and his as- 
sociates were autoploids derived by crossing 4n x 2n of Datura stramonium. 
These are comparable to the AAA triploids of Petunia axillaris. The data 
for the reciprocal relations of 2n with 4n D. stramonium have been sum- 
marized and evaluated by Sansome, Satina, and Blakeslee (1942). In the 
2n x 4n relation the pollen tubes usually burst in the styles previous to fer- 
tilizations and only one seedling, which was triploid, was obtained of many 
such pollinations. During twenty years, a total of 103 seedlings were grown 
of 4n x 2n. Of these, 35 were 2n, 57 were 3n, and 11 were 4n. Thus it seemed 
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that the egg cells of the 4n which had functioned were either n, 2n, or 3n. It 
was considered, however, that the seedlings that were 2n may have been pro- 
duced by parthenogenesis. The ovaries of the 4n plants contained an average 
of 537 ovules, but in 18 selfed capsules that were evaluated an average of 
only 107.6 large seeds was produced. This indicated that only one of five 
of the ovules was able to function in seed production. But the 33 capsules 
obtained of 4n x 2n contained an average of only 5.1 large seeds. The ex- 
aminations revealed that this low production of seeds was due to abortions 
of zygotes rather than to failures of fertilization. 

The potential fertility and the pattern of the sexual reproduction in the 
autotriploids were very fully evaluated. In meiosis (Belling & Blakeslee 
1922), chiefly trivalent grouping and random distributions gave to sporog- 
enous cells all chromosome numbers from /2 to 24. Some stray chromosomes 
which formed microcytes were observed and there were some giant pollen 
grains that presumably had 36 chromosomes. The percentage of aborted pol- 
len grains was estimated at 43.6 (Blakeslee & Cartilege 1926). 

Of the selfed progenies of the triploids, 216 seedlings were grown: 53 
were sn:24; 121 were sn:25; 31 were sn:26; 5 were sn:48; and 6 were un- 
determined ( Blakeslee 1927). Thus gametes that were either n, n + 1, orn + 1 
+ 1 were chiefly involved in the production of viable zygotes. Of the 2n x 3n 
relation only 7 plants were obtained but evidently only one pollination of 
this relation was made: 6 were sn:24; 1 was sn:25. 

The extent of the potential fertility of the 3n ovaries was evaluated by 
the proportions of fertilizations and embryo abortions that occurred in the 
3n x 2n relation. The number of ovules in the ovaries of 3n plants averaged 
815, which was almost the same as the average of 813 in diploids (Blakeslee 
& Cartiledge 1926). The extent to which fertilizations occurred in the 
3n x 2n relation was studied in sections through ovaries fixed at 6-8 days 
after pollination (Satina, Blakeslee & Avery 1938). In a large number of the 
embryo sacs there was no sign of fertilization. In one ovary, 85 ovules had 
proembryos and endosperm but several hundred ovules were unfertilized 
and more or less disintegrated. In 75 capsules of 3n x 2n there was an average 
of 61 seeds of which about half were either defective or empty. Hence only 
about 30 of the average of 815 ovules in an ovary of a 3n plant were able to 
function in the production of embryos when the pollen was uniformly 1. 

The data for the germination of seeds and the character of the selfed 
seedlings are as follows: for 388 “ good” seeds, 11 did not germinate; 106 
seedlings died; 57 were 2n; 134 were 2n+1; 71 were 2n+1+1; and 9 were 
2n + 1+ 1+ 1. For 48 “ defective” seeds: 24 germinated and 14 seed- 
lings lived; 1 was 2n; 4 were 2n + 1; 8 were 2n + 1 + 1; and 1 was 
2n +1+ 1+ 1 (Satina, Blakeslee & Avery 1938). An earlier report (Belling 
& Blakeslee 1922) stated that of 75 seedlings of 3n x 2n, 24 were sn:24, 33 
were sn:25, and 10 were sn:26. 

Thus the sexual reproduction in the selfed autotriploids was decidedly 
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limited to progenies that were 2n, 2n + 1, 2n + 2, and 2n + 3. It is obvious 
that the majority of gametes that functioned were n or n + 7 and that none 
higher than n + 3 could have functioned except for an occasional 2n and 3n 
that was involved in producing a plant that was /n. There were either 
abortions of the microspores and macrospores that received more than 15 
chromosomes, or abortions of the gametes with such numbers, or abortions of 
the zygotes produced by such gametes. The expected or theoretical distribu- 
tions of chromosomes, as observed in meiosis and sporogenesis, should give as 
many 2n as n spores. But either the 2” spores were not viable, or 2n pollen 
tubes failed to grow in 3n pistils, or there were no survivals of 3n zygotes. 
Regarding this resultant, Satina, Blakeslee, and Avery (1938) remark that 
“It 1s not clear why 3n types have not appeared in the offspring from the 


cross 3n x 2n. ... We know of no reason why there should be selection 
against Jn zygotes. That they may be at a disadvantage in comparison with 


2n and 4n zygotes, however, is suggested from the results of the 4n x 2n, 


which gives relatively few seeds and these have poor germination.” 

Thus the data for Datura are in close agreement with the observations 
made by Muntzing (1933, 1936) and by others that there are extensive 
abortions of the 3n zygotes that are formed after the controlled pollinations 
of 4n x 2n relations in which the fertilization of 2n eggs by n sperms is 
forced without competition. The data for Datura also conform to the general 
rule that the few triploid zygotes that are formed in the ovules of triploids 
to selfing or to 3n x 2n relations usually abort. 

Extensive and critical studies were made of the patterns of reproduction 
of 2n + 1 plants ot Datura which revealed that there were segmental re- 
organizations of chromosomes. The progenies obtained of 2n + 1 plants in- 
cluded over 60,000 seedlings. Twelve primary and fourteen secondary tri- 
somics were identified among the 27 +1 members. In representing the new 
constitutions the two halves of the twelve chromosomes are indicated as 
1-2, 3-4, 5-6, etc. and the extra chromosomes that are unidentified are in- 
dicated by numerals in italic. It was found that the extra chromosome may be 
(1) any one of the twelve members of the genome (as 2n + 1-2, a primary 
trisomic) ; or (2) it may be composed of the doubled half of any one chromo- 
some (as 2n+1-1 or 2n+2-2; a secondary trisomic); or (3) it may be 
composed of halves of two different chromosomes (as 2n + 1-3, a tertiary 
trisomic) ; or (4) it may comprise three segments of either two or three dif- 
ferent chromosomes (as 2n + 2-11-12) ; or (5) it may be composed of only a 
half of a chromosome. It is to be emphasized that frequent and extensive 
segmental exchanges and the reconstruction of chromosomes occurred during 
meiosis in 3n and 3n+/1 plants which involved both exchanges between non- 
homologous chromosomes and internal interchange between the parts of a 
single chromosome or of two homologous chromosomes. It has been recog- 
nized (literature by Darlington 1937) that there are numerous cases of inter- 
change constitutions in diploids, triploids and tetraploids of both natural and 
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experimental origins and that these “ structural hybrids” have, as a rule, 
sterilities of abortions in sporogenesis, and that they seldom breed true in 
immediate progenies. 

Thus new reconstructions of chromosomes were obtained by Blakeslee 
in 2n + 1 plants that were derived from triploids which were in turn obtained 
from known diploids and tetraploids that belonged to one species. The re- 
constructions in a single extra chromosome effected new expressions of 
characters many of which were identified as properties of a_ particular 
chromosome or segment of a chromosome (Blakeslee 1934; Blakeslee & 
Avery 1938). 

But in the studies by Blakeslee and associates no trisomic (s”:25) of 
Datura stramonium bred true in sexual reproduction. On account of the un- 
balanced agenomic constitution this is to be expected. Hence the critical in- 
terest is in whether further selective reproduction in such progenies can give 
rise to balanced and matched constitutions that are 2 (m + 1) and true 
breeding. 

In the selfed progenies of 2n + 1 plants there were (a) a large proportion 
of 2n members, (b) many members that were 2n + 1 and like the parent, (c) 
some members of a different 2n + 1 type, (d) a very few plants that were 
2n + 2, and (e) frequently there were some 4n plants. Of the 60,000 seed- 
lings reported in table 2 of the 1938 report, 18 were haploid and one was 
triploid. It was stated that “in the reduction divisions of a 2n + 1 plant the 
chromosome of pollen-mother-cells segregate in such a way that equal num- 
bers of m and » + 1 daughter cells result. Presumably a similar condition 


holds for megaspore mother cells.”” But the progenies did not include 2n, 


2n + 1, and 2n + 2 classes in the proportions of 1:2: 1. There was a great 
deficiency of the 2n + 1 class and almost complete elimination of plants that 
were 2n + 2. But there were some plants that were sn:26. Such plants may 
be double trisomics (2n+x+y) that would not breed true or they may be 
a balanced double of »+x and the extra chromosomes may be any one of 
the reorganizations already noted above. Among such balanced agenomics 
there are excellent chances that selective and differential pairing will effect 
functional diploidy. It appears that this feature was not thoroughly tested 
and the detailed data for the breeding that was done with 2n + 2 segregates 
were not presented. On the basis of the results obtained it was stated that 


“Simple tetrasomic types (2n + 2) do not breed true. In their offspring 


from selfing are found 2n + 2, 2n + 1, and 2n individuals. In back-crosses 
2n + 2 plants fail to appear.” The failure of sn:26 plants to breed true may 
have been because no zygotic combinations were obtained and tested in 
which the two extra chromosomes were matched in a dysploid constitution. 

But two true-breeding extra chromosomal and dysploid types that were 
sn:26 were obtained after x-ray treatments (Blakeslee 1934), and their 
origins and constitutions were fully evaluated. In one of these, two pairs of 


chremosomes had been reconstructed from one of the primary pairs. The 
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two arms ot the largest chromosome (1-2) of the genome had been re- 
organized to give a chromosome that was 2—2 and another that was 1. Then 
the fusion of two gametes which were alike gave a functional diploid. In the 
other new dysploid each genome of /3 chromosomes was composed of ten 
members of the original genome, and three new chromosomes that were re- 
constructed from the parts of the other two of the primary set together with a 
segment of one of the other members. The constitutions of these three new 
chromosomes as designated by Blakeslee were 2—14, 13-23, and 14. 

It should be mentioned that a genome number of 72 may comprise one 
reconstructed chromosome and that two such genomes which were identical 
could be obtained in sn:24 which bred true to both chromosome number and 
a new expression of characters. 

Thus it was demonstrated that true-breeding types which had new dif- 
ferentiations in specific character arose in both sn:24 and sn:26. These were 
considered to have the status of new “ synthetic ” or “ artificial new species ” 
and the following statements were made: “ The pure-breeding types are 
more distinct from the original form from which they arose than some of the 
species of Datura which have been founded on simple factor differences. Our 
types we have ventured to call artificial or synthesized new species. They 
differ from the ancestral form not by a single factor but by a whole group 
of factors” (Blakeslee 1934). 

It is to be noted that the prerequisites for the appearance of extra 
chromosomal dysploids, as sn:26 in Datura, are (1) that the agenomic con- 
stitution must survive in both pollen and egg cells, (2) that the zygote ot 
such fusions must survive, and (3) that there must be a functional diploidy 
in the sexual reproduction that provides stability to the new genome in suc- 
cessive generations. 

The experimental evidence that 2n + 2 individuals do not breed true has 
neither been extensive nor based on persistent selective breeding. The aneu- 
ploids that arise in considerable number in the progenies of triploids provide 
excellent material for such studies. The writer greatly regrets that he did 
not have time to make such studies of the extrachromosomal aneuploids 
obtained in the cultures of Petunia. There was a wide range of chromosome 
numbers in the aneuploids of Petunia which indicated the survival of 
agenomes of 8, 9, 10, 11, 12, and 13 chromosomes. Thus there was less 
selective unity in the genome number of 7 in Petunia than there was in the 
genome number of 12 in Datura. The aneuploids of Petunia which had these 
agenomes were as a rule vigorous and profusely flowering, and all had some 
degree of potential fertility. The extensive breeding of such plants would 
certainly produce some zygotic combinations of gametes that possessed 
matched agenomes. That these may not be obtained in all members of a first 
selfed progeny of a trisomic is obvious. When aneuploids have even numbers 
of total chromosomes some of the members of the selfed progeny which have 
the same number should have matched chromosomes. 
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The Triploids of Lycopersicum esculentum. (1) Spontaneous autotrip- 
loids (sn:36) of cultivated tomatoes were observed and studies of their 
sterility and fertility were reported by Lesley and Mann (1925), Margaret 
M. Lesley (1925), J. W. Lesley (1928), and M. M. and J. W. Lesley 
(1930). These plants were without fruit and were noticeably more robust 
than diploid plants. No tetraploids were observed in the fields but segments 


of tetraploid tissue were found in the meristem of certain branches of other- 
wise diploid plants. It was considered that the triploid seedlings arose from 
the fusion of unreduced 2n gametes with gametes that were n. ' 


Two triploids of the Dwarf Aristocrat tomato produced no seeds to 

numerous self-pollinations. In the earlier tests no fruits were obtained of 
2n x 3n relations but later two seeds were thus obtained from which diploid 
seedlings were grown. About 25 per cent of the pollen of the triploids ap- 
peared to be normal but was not functional in producing viable seeds in 
selfing and it rarely thus functioned in the 2n x 3n relation. The studies of 
meiosis in pollen mother cells indicated much trivalent pairing with dis- 
junction of two homologs and random distribution of the third member. 
Chromosome numbers were counted in 94 pollen cells: 1 had 12; 22 had /8; 
1 had 24; and there were some of all numbers from 19 to 23 except 22. There 
were lagging chromosomes, premature division of univalents, and the 
formation of supernumerary nuclei and cells. 

As females these triploids produced with pollen of 2n a total of 56 fruits 
which had an average of four seeds. Fruits of diploids had an average of 50 
seeds. Sixty-six seedlings of 3n x 2n were grown: 10 were 2n (sn:24); 35 | 
were 2n + 1; 5 were 2n + 1 or 2; 14 were 2n + 1 + 1; and 2 were 2n + 1+ 1 

1. Hence the egg cells that had functioned had from n to n + 3 chromo- 
somes. There are no self- and cross-incompatibilities in these cultivated 
tomatoes and hence the “ self-sterility ’ of these triploids and the feeble 
cross-fertility of 2n x 3n were evidently due entirely to poor pollen and 
abortion of zygotes. The reproduction in the 3n x 2n was limited and de- 
cidedly selective for gametes that were haploid or that had no more than 
three extra chromosomes, as was the case in the triploids of Datura stra- 
monium. 

(2) J@rgenson (1928) had a triploid clone of the Balch’s Fillbasket 
tomato that was obtained in England from a callus of a decapitated stem of 
a plant whose chromosome number was unknown but which was probably 
triploid itself. Plants of this clone did not produce fruits and seeds to self- 
pollinations. Jérgensen also obtained a somatic autotetraploid (sn:45) branch 
of the diploid Danish Export Tomato by the decapitation method and then 


obtained sn:36 seedlings by crossing this 4n with 2n. The seeds of this re- 
lation that gave triploids were of small size and poorly developed but they 


were germinated by special means of culture. The number of such seedlings 
was not stated but it was reported that they produced no seeds to selfing. 
The 3n x 2n relation gave fruits that contained few seeds. The self-fruitless- 
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ness of these triploids was presumably due to the low potential fertility of 
both @ and ¢ gametes. Evidently the application of an abundance of good 
pollen from 2n plants provided sufficient fertilizations and embryos for the 
formation of fruits with a few seeds. 

(3) Huskins (1934) obtained ramets of the same triploid clone of Balch’s 
Fillbasket Tomato that ]g@rgensen had. These also failed to produce seeds to 
selfing until two fruits appeared which had 22 seeds. Eleven seedlings grown 
from these seeds were all tetraploid (sn:48) and hence all the @ and 4 
gametes that had functioned were presumably 2m. Huskins noted that this 
reproduction did not conform to the selective reproduction expected of trip- 
loids. He suggested that some change in the somatic number of chromosomes 
may have occurred in the branch that produced the two fruits and the 22 
seeds, but a further evaluation of the condition was not determined, nor 
were seedlings grown. 

(4) Rick (1945) has recently surveyed the nature and the extent of un- 
fruitfulness in the fields of three canning varieties of tomato grown com- 
mercially in the lower Sacramento Valley in California. Of the 66 unfruitful 
plants that were studied, 45 were triploid, 14 were dipioid, three were tetra- 
ploid, two were trisomic, and two were haploid. It was reported that in all 
cases the unfruitfulness involved * 


* 


gametic sterility.”’ Triploids were the 
‘commonest of all unfruitful types’ and these “ set very little seed.” The 
evaluations of eleven of the unfruitful diploids revealed that abortions of 
gametes was complete for both pollen and ovules in five plants, that there 
was male sterility in two plants, and that three plants were both sterile and 
aberrant in gross morphology. These were considered to be the effects of 
gene mutations, of which thirteen were later indicated (Rick 1948). Rick 
noted that the unfruitful plants made excessive vegetative growth and con- 
tinued to produce flowers indefinitely due to the “ close correlation between 
vegetative growth and absence of fruit’ as was demonstrated experimentally 
by Murneek (1926). It is to be recognized that Rick’s analysis of the 
spontaneous origin of gametic sterility in diploids suggests that some type of 
loss of maleness or femaleness may be present in triploids in addition to the 
abortions due to triploidy itself. 

The studies of the autotriploids of L. esculentum indicate that the trip- 
loids have a very limited potential fertility that almost precludes further 
sexual reproduction. How this condition would be influenced by further 
somatic doubling that gives double triploids is not known. 

Triploids of Solanum melongena. Several abnormal plants were ob- 
served (Janaki Ammal 1931, 1934) in cultures of this species. These plants 
were unfruitful. The somatic chromosome number was determined in one of 
the plants and this was triploid and sn:36. In meiosis, there were trivalents, 
bivalents, and univalents and there was much abortion of pollen. After many 
selfings one fruit that contained 14 seeds was obtained. Thirteen seedlings 
were grown; 2 were tetraploid (sn:45); 11 were “ nearly tetraploid’ with 
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somatic numbers of 44, 45, and 46. Thus there was survival of gametes that 
were 2n and not less than 2n —4 and that ranged from gn:20 to gn:24. The 
progeny was strongly tetraploid and hence in sharp contrast to the repro- 
duction in triploids of Datura which was decidedly diploid. 

(3) Data for Tuberous Solanums. Of the tuberous members of Solanum 
that have received specific names (Darlington & Janaki Ammal 1945), 61 
are exclusively sv:24, 13 are sn;36, 21 are sn:48, 4 are sn:60, and one is 
sn:/2, There are also complexes that include sn:24 and 36 (one), sn:24 
and 45 (two), sv:36 and /2 (one), and in the complex called S. tuberosum 
there are sn:24, 48, 96, and other constitutions of experimental status. The 
data for these may here be evaluated not only in reference to the triploids but 
also in regard to intraspecific incompatibilities and to the status of the com- 
plex included in Solanum tuberosum. There is evidence (Lawrence 1931; 
Cadman 1942, 1943) that the basic number of chromosomes in Solanum is 6 
and that the lowest somatic number of 24, now known in this genus, 1s tetra- 
ploid in origin but functionally diploid in meiosis. But in this consideration 
the present basic number will be considered to be 12. 

Self-incompatibilities have been reported in ten different diploid species 
of the tuberous group of Solanum: S. chacoense and S. jamesu (Stout & 
Clark 1924); S. caldastt (Clark 1927); S. bulbocastanum (Livermore & 
Johnstone 1940); S. rybrniu, S. boyacense, S. lanciforme, and S. phureja 
(Carson & Howard 1942); S, aracc-papa and S. subtilis (Pal & Bushkar 
1942). The authors last named presented data which indicate that clones 
and seedlings of S. caldasti (sn:24) probably have the personate type of self- 
and cross-incompatibility. Members of one diploid species, S. polydenium, 
were found to be self-fertile by Clark (1927). 

Johnstone (1939) reported that tetraploid (sn:48) seedlings which were 
obtained from colchicine-treated seeds of Solanum jamesii and S. chacoense 
produced seeds to their own pollen. Members of these species were found self- 
incompatible by Stout and Clark (1924) and the diploid plants which John- 
stone had of these species may have been self-incompatible. In 1940 Liver- 
more and Johnstone provided data for experimental tetraploids of another 
species. ‘‘ The authors obtained no seeds by selfing diploid S. bulbocastanum ; 
approximately twenty-five seed balls with a good supply of seeds have been 
produced by selfing 4n lines produced from these diploid lines.” A letter to 
the writer from Professor Livermore stated that four different tetraploid 
seedlings were selfed, that the seeds were plump and assumed to be viable, 
but that no attempt was made to germinate them. 

The clonal status of the so-called species of Solanum that are sn:36 is 
definitely known (Anon. 1936). Twenty-one of these were found in culti- 
vation locally in southern Peru where sn:24 and sn:48 types were also in 
cultivation. All of these s1:36 ‘* species” appear to be so highly sterile from 
loss of potential fertility that they can only be propagated vegetatively as 
clones. Stout and Clark (1924) found that ramets of S. maglia (sn:36) 
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were so highly pollen-sterile that no reliable data on self-incompatibility 
could be obtained. Ciark (1927) found that vegetative propagations of S. 
commersonu (sn:36) had a high degree of pollen abortion. Evidently the 
clonal species that are sn:36 have the steriliters of abortions that are char- 
acteristic of true triploid hybrids. Possibly some of them also have self- and 
cross-intraspecific incompatibilities. Presumably some progenies of the 
solanums could be obtained experimentally of 3n x 3n or of 3n with 2n and 
4n that would reveal the patterns of meiosis and reproduction, but at the 
present time such data are evidently lacking. 

Kor the tuberous species of Solonum that are sn:48 and tetraploid for the 
genome number of /2, there is evidence that members of S. fendlerit ( Navajo 
potato) have high potential fertility and no self-incompatibilities (Stout & 
Clark 1924). Pal and Bushkar (1942) state that several tetraploid species 
were “ self-compatible ” but no names were provided. 

The clones of potatoes widely cultivated in the North Temperate zone 
have mostly been classed as Solanum tuberosum and most of them are sn:48. 
It is considered (Anon. 1936) that this group arose directly from the tetra- 
ploid type S. andigenum, which is widely grown in cold altitudes in the 
Andes, by the selection of characters that effect good vegetative growth and 
formation of tubers over a wide area of the warmer Temperate zone. As a 
group, these clones are grown in areas where conditions of temperature and 
length of davlight effect non-blooming, the blasting of flowers, and the 
abscission of ovaries. Of 30 clones grown at the New York Botanical 
Garden in 1920 and 1921, none produced flowers that opened normally. Mem- 
bers of the same clones bloomed in profusion at Presque Isle, Maine. At 
both places good crops of tubers were produced. 

Studies were made at Presque Isle, Maine, of 132 of the cultivated clones 
and 78 seedlings (Stout & Clark 1924). Few of these produced viable pollen 
to the extent that they were able to function as good pollen parents in selfing 
or in crossing. But most clones and seedlings had functional pistils that 
would produce seed balls and viable seeds when there were proper hand- 
pollinations. Thus in these clones the sterility is chiefly a male sterility and 
certain of its features are independent of, and in addition to, the abortions of 
meiosis that involve polyploidy and hybridity. Most of the cytological studies 
of the abortions in the pollen of potatoes have not recognized this condition. 

There are a few clones and seedlings of the cultivated potatoes that have 
high potential fertility of ovules and also pollen that is about 20 per cent 
viable and functional. Considerable data obtained for the crosses of these 
clones over a period of nine years (Stout & Clark 1924) show that in most 
cross-relations seed balls and viable seeds were obtained. There was no 
definite evidence of any cross-incompatibilities. The clones which were both 
male and female fertile, as McCormick, Bursola, and Clio, produced few 
fruits irregularly to open-pollinations, but presumably will produce fruits 
when proper self-pollinations are made by hand. Ellison (1936) reports 
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that in England certain “ self-fertile’’ clones (Shetland Black, Ballydon, 
and Sharpe’s Victor) may flower freely and set a berry for nearly every 
flower. 

The view that there is a genetical basis for the different grades of pollen 
abortion in potatoes has been emphasized by Kranz, Becker, and Fineman 
(1939). They note that the percentages of pollen abortion in numerous 
seedlings ranged from 0 to 60 and that there were wide differences in the 
degrees of abortion among seedlings of pedigreed lines. They suggest that 
there is segregation of four genotypes based on the influence of a tetrasomic 
gene which has lethal effects in pollen when it is homozygous. The non- 
flowering of seedlings and clones, and the abscission of fruit after proper 
pollination are viewed as antagonisms between fruit production and vegetative 
vigor that have genetical values. 

For the one species, S. demissum, which is sn:/2, Clark (1927) re- 
ported self-fertility and this status was verified by Pal and Bushkar (1942). 
There are various reports of hybridization between this species and S. 
tuberosum (sn:48), S. maglia (sn:36), S. pendlert (sn:48), and S. com- 
mersonu (sn:36) (Schnell 1948) but these provide no data on selt-incom- 
patibility. The recently introduced Essex clone is a selection derived from 
crosses of S. demissum with cultivated clones that are sn:48 (information in 
a letter trom Dr. Donald Reddick). 

As a group, the tuberous species and clones of potatoes possess extreme 
reductions in sexual reproduction which are maintained by vegetative 
propagation. Fertilities that effect fruit and seed formation have not been im- 
portant factors in the selection of cultivated types and clones. Intraspecific 
self- and cross-incompatibilities are definitely known in ten of the diploid 
species while self-fertility is known in one diploid species. In three instances 
the experimental tetraploids obtained of self-incompatible diploids were self- 
fertile. At least one tetraploid species (S. fendleri) has given seedlings that 
were self-fertile. No self- and cross-incompatibilities have been demonstrated 
in the numerous clones that are cultivated in United States and Europe. But 
the extent to which these tetraploids have arisen from self-incompatible dip- 
loids and the present status of the tetraploids, in regard to the inactivation 
or the loss of S, factors, are at present inferential. 

There is, it appears, no experimental information regarding double trip- 
loids of either autoploid or alloploid status in the tuberous Solanums. In this 
group there is only one species (S$. demissum) and two derivatives of an- 
other species (S. vallis-mexici) that are now known to be sn:/2. The effects 
that somatic doubling of the three sets in triploids may have could be de- 
termined and there are numerous triploid clones of the tuberous solanums 
available for such studies. 

Evaluations. (1) Both the frequency of the occurrence of simple trip- 
loids and the level of their sexual reproduction vary greatly according to 
species and genera. In Lycopersicum the triploids were, as a rule, impotent 
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either as males or as females or as both. The selfed progenies of the triploids 
of Datura stramonium were almost exclusively 2n, 2n + 1, or 2n + 1 + 1. 


Those of AAI in Petunia ranged from 3n — 1 to 4n but the chromosome 


numbers in the progenies of 3n x 2n revealed that egg cells that carried 
chromosome numbers from n to 2n — 1 were functional. The seedlings of 


Solanum melongena were 4n — 4 to 4n. 

(2) That the triploid constitution may survive in functional gametes has 
frequently been demonstrated and when the functional gametes range from 
2n to 3n the progeny may range from 3n+ to 4n and even to doubled trip- 
loids. Such gametes are the survivals of distributions of chromosomes that 
follow limited bivalent pairing and the 3n gametes are formed by “ resti- 
tution.” 

An example of this pattern of sexual reproduction was reported and 
evaluated by Thompson (1931). Simple triploids were obtained of Triticum 
turgidum (4n and sn:28) x 7. monococcum (2n and sn:14) and the selied 
progeny included sn:26, 27, 28, 29, 30, 35, 36, and 42. In the meiosis of the 
triploids the number of bivalent allosyndetic pairing ranged from 3 to 7 with 
5 as the most frequent number. When there were only 3 bivalents the distri- 
butions could be from 3 to 78. But 98 per cent of the pollen aborted. Yet there 
were functional gametes that had from /3 to 18 chromosomes and also there 
were some that had 2/7 chromosomes. Selfed F2 progenies were grown of 


eny ranged from 3 to 12, which is too few to indicate definitely the patterns 
of reproduction. Collectively, the chromosome numbers ranged from s1:26 to 
sn:42 and hence the reproduction continued to be from 4n — 2 to 6n. In this 
case, as in many others, adequate tests were not made to determine the pos- 
sibility of obtaining true-breeding dysploids, which have such chromosome 
numbers as sn:30 and sn:36, from derivatives of triploids that are sn:2/. It 1s 
to be noted that the pattern of sexual reproduction in these triploids of 4n x 
2n wheats was different from that of the AAI (sn:21) triploids of Petunia 
which had the same genome number of /. In the latter there was much triva- 
lent grouping and evidently no viable gametes with more than 74 chromosomes. 

(3) It appears that simple triploids seldom reappear in the progeny of 
triploids even when some functional » and 2n gametes are produced. Abortion 
of the triploid zygotes appears to be highly selective in the ovules of plants 
that are 2n, 3n, or 4n. 

(4) At the present time the data for the wide range of aneuploid de- 
rivatives of triploids that have a low » indicate that true-breeding dysploids 
are difficult to obtain. Most evaluations have considered that they are im- 
possible to obtain. It may be emphasized that the experimental evidence does 
not demonstrate that dysploid derivatives are impossible in ranges between 
2n and 3n and between 3n and 4n. 

(5) The survival of a triploid complex in gametes that function in sexual 
reproduction preserves and continues that complex in sexual progenies that 














STOUT : REPRODUCTION IN PETUNIA 167 


include high-level aneuploids and balanced double triploids of hexaploid and 
amphitriploid status. 

Reproduction in Doubled Triploids. The Recognition of Amphitrip- 
loidy. he early evaluations of polyploid sequences by Tahara (1915) and 
Winge (1917) recognized that the series of genome numbers in a genus is 
typically arithmetical, as a, 2a, 3a, 4a, 5a, and 6a, and not exclusively a 
sequence of doubled numbers, as a, 2a, 4a, Sa, and J6a. The earlier discussion 
by Strasburger (1907) considered that abnormal mitosis may effect tetra- 
ploidy especially in connection with apomixis. The publications by Winge 
(1917), Rosenberg (1917) and Ernst (1917, 1918) contributed important 
data and presented significant hypotheses. Rosenberg found semi-heterotypic 
meiosis and restitution nuclei in parthenogenetic types of Hieracium but it 
was not until 1925 and 1927 that he explained that the failure of reduction 
may result in 2n gametes that can function in producing polyploids. Ernst 
emphasized the role that hybridization may take in effecting apogamous 
plants that may then give rise to tetraploids. Winge postulated that in the 
primary cell of a hybrid zygote the two disharmonious genomes find a 
necessity for congenial partners that induces a somatic duplication of each 
chromosome without an immediate nuclear division and that this gives rise to 
a tetraploid. If sexual reproduction continues in that plant the progeny is 
tetraploid. If sexuality is replaced by apomixis the progeny is also tetraploid. 
In 1924 Winge extended his hypothesis to include the doubling of chromo- 
somes in a hybrid zygote that is derived by hybridizing a species that is 2n 
with one that is 4” and he notes that “then a hexaploid new species might 
similarly be imagined as the result.” 

Since 1924 it has been demonstrated experimentally and by cytological 
examinations that (1) somatic doubling of chromosomes may occur or be in- 
duced in the tissues of rather mature plants as well as in the cell or cells of a 
young zygote, (2) that doubling may also occur in the formation of gametes, 
and (3) that both these processes may occur in members of ** good” species 
as well as in hybrids. 

In 1925, Clausen and Goodspeed reported that a doubled triploid had 
been obtained experimentally as a derivative of a hybrid between a 2n and a 
4n species of Nicotiana. The production of this plant was considered to be 
“an experimental verification of Winge’s hypothesis.” This doubled triploid 
was called a “ tetraploid ” and it was given the new specific name of Nicotiana 
digluta. Since 1925, numerous cases of doubled triploids have been included 
in the lists of “‘ amphidipleids” (cf. Goodspeed & Bradley 1942), along 
with tetraploids that have arisen from low-level diploids. That the two have a 
different status must be recognized in the evaluations of reproduction. The 
term amphiploidy (Clausen, Keck & Hiesey 1945) includes all cases in which 
there is “the addition of all chromosomes of two distinct species” that is 
“effected through chromosome doubling either before or after fertilization.”’ 
Such amphiploids may be polyploid or dysploid, and tetraploid or hexaploid. 
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Autoploidy is defined as the multiplication of the chromosome sets within 
the limits of one species and as being always a form of polyploidy, never as 
dysploidy. These useful terms have definite limitations. They depend on the 
basic conceptions of a species. They apply best to species that have a low n 
and their immediate derivatives. The doubling of chromosomes in a species 
that is already an allotetraploid is certainly not to be considered as auto- 
ploidy, at least of a simple type. At any rate the interpolation of triploidy 
that follows tetraploidy extends polyploidy to the level of hexaploidy and ef- 
fects constitutions that provide increased possibilities for competition between 
autosyndesis, allosyndesis, and preferential syndesis which have profound 
effects on the patterns of reproduction. 

The Experimental Double Triploids of Petunia. The intraspecific 
hexaploid constitution in AAAAII petunias was obtained by the induced 
somatic doubling of a known triploid hybrid that was AAI and S 1.3.b. 
This hexaploid constitution was therefore autotetraploid for AAAA and 
diploid for II. In the original somatic double triploid all chromosomes were 
pure for each of the respective parents for they had not been subjected to 
meiosis in the triploid seedling. This provided each chromosome with a 
duplicate. The evidence indicates that this effected a pairing of duplicated 
chromosomes (preferential pairing) and a distribution that gave to most 
gametes the triploid number of chromosomes. In the selfed and intra-bred 
progenies of the double triploids there were some aneuploids of 6n — 2, 6n — 1, 
on + 1, and 6n + 2. Thus there were some gametes in which there were losses 
of one or two chromosomes and gains of one or two chromosomes. 

It was demonstrated that the experimental autotetraploids of AA AA were 
both self-fertile and true-breeding to the extent that they did not throw 
aneuploids in selfing but there was evidence that they may have produced 
some n gametes that did not function in selfing. The reproduction was 
definitely bivalent for identical chromosomes, at least for those that carried 
S factors. The double triploid constitution added to the tetraploid AAAA 
constitution a duplicated genome of P. integrifolia and the further repro- 
duction showed some disjunctions of one or two chromosomes that survived 
in both gametes and zygotes. There were, however, abortions of both micro- 
spores and ovules which indicated further irregularities in meiosis that were 
lethal in either spores or zygotes. The potential fertility of the double trip- 
loids was relatively lower than that of autotetraploids. It may be assumed 
that the complete AAAATI complex could be stablized by selective breeding 
and the polyploid series in petunias would thereby be raised from 2n and 4n 
to 6n. There is already the one natural dysploid species of Petunia parviflora 
that is sn:18. There is the possibility that new dysploids could be obtained 
as derivatives of some of the wide range of aneuploids (figure 59) that were 
obtained (a) in somatic numbers between sn:/4 and sn:21] and (b) in num- 
bers of su:32, 34, 36, 40, and 44. But the possibility that new dysploids may 
be obtained in Petunia and at low n levels is a matter for future experimental 


investigation. 
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Some Evaluations of Doubled Triploids. (1) Double triploids have six 
genomes and hence the complexities in their reproduction are greatly in- 
creased over those that exist in tetraploids that have only four genomes. If 
the main types of tetraploids are aaaa, aaab, aabb, etc., to abcd, the corre- 
sponding double triploids would be aaaaaa, aaaabb, aabbcc, etc., to abcdef. 
Thus far there has been no very extensive and adequate evaluation of the 
patterns of reproduction in hexaploids in distinction to tetraploids. Most 
frequently the term amphidiploid, or merely the term amphiploid, is used to 
designate any polyploid of hybrid status. While this has certain advantages it 
is often an oversimplification that masks significant differences in respect to 
the number and character of genomes. 

(2) The wide range of constitutions in tetraploids that have only four 
basic genomes has been a matter of much discussion and analysis. As Stebbins 
(1947) has recently recognized, tetraploids include autoploids, a wide range 
of segmental alloploids, and true alloploids. Any one of these constitutions 
may be carried into a double triploid where it is associated with two other 
genomes that may have any one of many different degrees of relationship. 
Stebbins has recognized that double triploids may be autopolyploid with re- 
spect to one genome but collectively allopolyploid because of the presence of 
a different genome and he cites two such cases that are presumably aaaabb. 
That double triploids include many more complications is recognized for 
they provide for the association of three different genomes from as many 
different species. Stebbins cites, as an example of this, the synthetic Nicotiana 
digluta which is a double triploid of two species (4n x 2n) of which one is 
of remote hybrid origin. 

(3) In respect to the levels of polyploidy higher than tetraploidy, Stebbins 
considers that “a large proportion, if not a majority, of hexaploids, octo- 
ploids and higher polyploids represent some variant of the autoallopolyploid 
condition, in other words, they have resulted from autopolyploids, segmental 
allopolyploids, and true allopolyploids combined in different ways. The com- 
plete cytogenetic and phylogenetic analysis of such higher polyploids will 
probably be made in only a few clear and important cases.” Stebbins cites a 
case of a fertile sn:/0, or 10n derivative, which was obtained of parents that 
were sn:42 (6n). From this and other data he makes the following state- 
ments. “It is possible, therefore, that some of these higher polyploid F, 
hybrids may give rise in later generations to several distinct species all de- 
scended from the same hybrid combination. The limitless possibilities and 
complexities of such a situation can only be imagined. In many genera con- 
taining these high polyploids we must, therefore, be content with assuming 
that most of these species contain various combinations of autopolyploidy, 
segmental allopolyploidy and true allopolyploidy, and that their phylogenetic 
relationships will be difficult or impossible to unravel.” 

(4) Much attention has been directed to the cytological features that 
contribute to sterility and fertility, to stability in reproduction, and to the 
genetical character of polvploids and their derivatives. An excellent evalu- 








170 MEMOIRS OF THE TORREY BOTANICAL CLUB 


ation of the data for these features in “ amphidiploidy”’ has recently been 
presented by Goodspeed and bradley (1942). These authors include under 
the term “ amphidiploidy ” all allotetraploids that have four genomes, all 
double allotriploids of 6n, and alloploids of higher levels. Several double trip- 
loids are included in the discussions and of a list of 16 fertile polyploids that 
arose from sterile F, hybrids there are at least four that arose from F;, trip- 
loids that had one parent that was already allotetraploid. It was concluded 
that fertility in ‘“ amphidiploids,” including amphitriploids and their de- 
rivatives, is usually correlated with bivalent pairing and that this is most 
likely to be complete when the F,; hybrids (both 2m and 3n) are themselves 
sterile. 

(5) Natural hexaploid species, that are presumably double triploid in 
origin, are rare in the Solanaceae. The Solanum nigrum includes a widely 
distributed and constant type that is 6” and presumably autoploid and three 
others of the complex that are also sn:72 have been given specific rank. Only 
S. demissum of the tuberous Solanums is sn:/72. The two species of Atropa 
whose chromosomes have been counted are sn:/2. The genera Datura, 
Lycopersicum, and Solanum and a large section of Nicotiana have evidently 
arisen as tetraploids of gn:6 and have developed much speciation at that 
level. There are also some 9 species of Nicotiana and about 20 of Solanum 
that have advanced to sn:48. There are now no species of the Solanaceae 
that have a genome number of 6, but there are the dysploid numbers of 7, 8, 
9, 10, and 11. Triploids in considerable number have arisen and_ been 
perpetuated as clones in the tuberous Solanums, and there are four clonal 
species that are sn:60. But the evidence seems conclusive that doubled trip- 
loidy has played a very minor role in the evolution of the genera and species 
of the Solanaceae. There has been little advance to the hexaploid level. 

(6) The experimental and cytological studies of sexual reproduction in 
triploids demonstrate that triploids may be agents in the production of 
tetraploids and doubled triploids. The various studies have emphasized that 
the derivatives that have balanced genomes and functional diploidy are most 
easily obtained. But there is some evidence that dysploids and secondary 
polyploids may be obtained by experimental means. In the rather small 
population of the selfed 3n and the 3n x 2n progenies of AAT triploids in 
Petunia there was every aneuploid between 2n and 4n except sn:22 and 
sn:2/. Experimental studies have not fully tested the possibilities that 
stabilized dysploids of chromosome numbers between 2n and 4n may be 
obtained. 


CHAPTER 15. UNILATERAL HYBRIDIZATION 


Evaluations. Jie Status of Unilateral Hybridization. Definite recog- 
nitions of unilateral interspecific hybridization have been few and chiefly in- 
cidental and considerations of its significance have been superficial, especially 
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in the evaluations of the mechanism and of its role in speciation and biosys- 
tematics. That unilateral hybridization is one of several types of unilateral re- 
production is to be recognized and this is well exemplified in the petunias. 

In Petunias. Three distinctly different types of unilateral reproduction 
occur in the petunias studied by the writer. 

(1) There were interspecific reactions of unilateral fertility and sterility 
in the reciprocal relations of any two of the three species, all of which had 
the same somatic number of chromosomes. 

(2) In the intraspecific reproduction of the cultures that were studied 
of either P. axillaris or P. integrifolia there were cross-fertility and cross- 
incompatibility in reciprocals when one member was homozygous (as S 1.1) 
and the other was heterozygous (as S 1.2) and there was one S factor in 
common. In the normal diploid-haploid reactions of the personate type of 
intraspecific incompatibility, unilateral reactions do not occur. But in the 
associate type in both diploids and polyploids (Stout 1938) and in the 
diploid-diploid reactions, that are now known in few homomorphic flowering 
plants (Hughes & Babcock 1950), unilateral reactions are frequent and im- 
portant. 

(3) There are also differences in the reciprocals of relations between dit- 
ferent levels of “ ploidy,” especially of the 2n with the 4m. There was a 
stronger and more complete barrier to reproduction in the 2n x 4n relation 
of P. axillaris than in the reciprocal relation. But the feeble fertility of the 
4n x 2n relation was masked by the epistatic action of incompatibility when the 
relation was fully syngenic (as S 1.1.2.2 x S 1.2). The evidence indicates that 
unilateral sterilities may operate at various levels of ploidy and be interspecific 
as well as intraspecific. 

The Case of Mirabilis longiflora and M. jalapa. These two species are 
:38 as is the one other species of this genus that has been studied. Counts 
of chromosome numbers have been made in only one: species of another 
genus of the Nyctaginaceae and this case is sn:20. Evidently these two 
species of Mirabilis are high-level dysploids. 

Kolreuter (1766) reported that he had made as many as 200 pollinations 
of Mirabilis longiflora x M. jalapa that had completely failed to yield seeds 
but that the reciprocal relation readily gave viable seeds. Correns (1903) also 
found that seeds were obtained only when WM. longiflora was the pollen mem- 
ber. He found that the hybrids were potentially highly fertile and produced 
seeds to self-pollinations. He grew progenies and reported simple Mendelian 
ratios for the heredity of certain characters, and especially for the color of 
flowers. Evidently no tests were made for the reactions of these hybrids with 
the parents in respect to unilateral resultants. 

These two species of Mirabilis differ greatly in the relative length of the 
pistils. The pollen of the short-styled 7. jalapa does not function in the long 
pistils of 17. longiflora. Evidently the locus of the sterility is in the style and 
the reaction has a diploid-haploid status. But the hybrids have potential 
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fertility. The F, hybrids were described as reasonably uniform and somewhat 
intermediate but much like M/. jalapa in character. The F, presumably had 
certain extremes in the length of pistils that should make easy the tests for 
reactions that are comparable to those of the initial unilateral reactions. Since 
there are no intraspecific incompatibilities in these two species of Mztrabilis 
the analysis of the reproduction in the hybrids should be relatively simple. 

The Unilateral Hybridisation of Corylus avellana with C. americana. A 
summary of nut breeding (Crane, Reed & Wood 1937) indicates that a 
large number of the cultivated clones of the European filbert, C. avellana, 
produce no fruits when pollinated with pollen of clones of the American 
species (. americana, but that the reciprocal pollinations yield viable seeds 
from which a large number of the F; hybrids have been grown. This appears 
to be a definite case of unilateral hybridization between two distinct species. 
But two species of Old World origin, C. avellana and C. colurna, do not 
hybridize in either of the reciprocai relations. 

In the reports on production of nuts in the cultivated clones of the several 
species of Corylus, the interspecific failures of hybridization are confused 
with the intraspecific incompatibilities. It is stated that all known clones of 
Corylus are self-incompatible and that there are also interclonal cross-in- 
compatibilities even when the decidedly synchronous dichogamy of clones is 
sufficiently reciprocating to allow proper cross-pollination (cf. Stout 1928). 

The study of true self- and cross-incompatibilities in seedlings of any 
species of Corylus has not been made, hence there is no information on the 
type of the intraspecific incompatibilities. That these are entirely distinct 
from the failures of hybridization is certain. Presumably the F, hybrids of 
parents that are self-incompatible will also be self-incompatible. 

It may be noted that chromosome numbers are known in nine species of 
Corylus. All are sn:28 and presumably tetraploid (4 x 7) although no species 
that is sn:14 is known. The species of two other genera of Corylaceae are 
sn:16 with one complex of snv:16 and sn:64. The species of Corylus are 
evidently examples of tetraploids that have intraspecific self- and cross-in- 
compatibilities. The commercial importance of these species and of their 
hybrids is certainly sufficient to warrant a critical analysis of the patterns of 
reproduction. 

Unilateral Intravarietal ‘‘ Hybridization” in Maize. Demerec (1929) 
reported that in several intervarietal crosses of maize there was a perfect set 
of seeds when a white, rice pop corn was the male parent but that no seeds 
resulted from the reciprocal pollinations. Certain previous studies had as- 
sumed that the deficiencies of sugary seeds in Fy» generations of crosses be- 
tween sugary and rice pop varieties were due to differential growth of pollen 
tubes in competitions and that there was a dominant factor linked with the 
sugary character that was responsible for such selective growth. But Demerec 
proved that the unilateral sterility occurred in controlled cross-pollinations 
where there was no competition. The reaction was absolute. The pop corn 
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variety was sterile to pollen of certain other varieties with which it was 
fertile as a pollen parent. Demerec recognized that the seat of the unilateral 
reaction was in the pistil. The reaction was between the pistils of the pop 
corn variety and the otherwise functional pollen tubes of the several varieties 
of flint, dent, and sugar corns that were tested. There was inability of the 
pollen tubes to grow in the pistils of the pop corn and reach the ovules. It 
was observed that in these relations, the female pop corn member was 
homozygous for a factor that was dominant for the endosperm character. 
Hence the question arises as to whether this is itself the factor that effects 
unilateral sterility in the pistils, or whether it is distinct from such a gene, 
and if so whether or not there is linkage. 

The components involved in the reactions of the diploid pop corn pistils 
with haploid pollen of other varieties, as sweet corn, may be represented as 
PP: X p.px SS: ¥ s.s. Certainly all pollen grains of a variety pure for sweet 
corn carry the haploid constitution that is involved in the sterility reaction 
with diploid pistils of the pop corn. Jones (1924, 1928) found that the F, 
hybrid plants of SP hybrids were fully fertile with the pollen of either pop 
corn or sweet corn when each was applied separately in controlled polli- 
nations. This demonstrated that the half or haploid constitution that was pop 
corn in the pistils of F, hybrids was not sufficient to effect sterility with any 
pollen of the sweet corn. This resultant is comparable to that in which F, 
PA hybrids of Petunia are fully fertile with pollen of Petunia parodu. 

The Fs. and the cross-bred progenies of SP hybrids of corn should in- 
clude extreme segregates in which unilateral reactions reappear when tested 
with sweet corn pollen. On the basis of the results in PA hybrids of Petunia 
it can be predicted that the genic components of pop corn that effect uni- 
lateral sterility will be found to be independent of the endosperm gene. It is 
to be hoped that techniques of experimental analysis can determine if the 
mechanism of unilateral sterility in these varieties of maize involves com- 
ponents of the normal intravarietal reproduction or if it is a completely 
superimposed mechanism and also if the male component that is involved is 
identical in all the varieties that have unilateral sterility as males in reactions 
with pop corn. 

A preliminary report on studies of the unilateral reproduction in crossing 
varieties of maize has recently been made by Nelson (1949) and a more 
complete report together with new data may be expected. 

The cases of uilateral interspecific and intravarietal hybridization that are 
briefly discussed above are only a few of those that could be mentioned in 
hermaphrodites. They exemplify the limitation of critical data on the 
genetical status of the relative specificity that unilateral reactions of sterility 
and fertility involve. 

The Constitutional Basis of Unilateral Hybridization. Jhe Status of 
Relative Specificity and Half-Speciation. Unilateral hybridization reveals a 
condition of half-speciation in the differentiations of those organs and 
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elements of sexuality that effect reproduction. In hermaphrodites among 
flowering plants, this half-speciation is a differential in the relative specificity 
of pistils and stamens of an individual, either in its bisexual flowers or in the 
staminate and pistillate flowers of monoecious plants. 

The relation of Petunia parodiu x P. axillaris is one of unilateral fertility. 
The pistils of PP: @ @ and the pollen tubes of AA: ¢ 6 react as do the 
comparable organs of one species or of the ecotypes of one ecospecies. There 
is absence of specific differentiation in some component of the diploid PP: 
2 2 constitution and some component of the AA: ¢ ¢ constitution. 

But the relation of AA: 9 29 x PP: ¢ is one of complete sterility. The 
pistils of P. axillaris and the diploid stamens and the haploid pollen tubes of 
P. parodiu have an extreme differential specificity that is characteristic of two 
species that do not hybridize. It is obvious that the analysis of the basis of 
such unilateral specificities will provide basic information regarding the 
nature of speciation. Here is an isolating mechanism that operates in half of 
the hermaphrodite mechanism of reproduction. 

There have been several outstanding treatments on the role that speciation 
has in ‘ biosystematics.” As far as the writer is aware, these make only in- 
cidental reference to unilateral hybridizations. Also it appears that no 
adequate experimental tests have been made to determine the genetic basis of 
unilateral hybridizations. It is difficult to understand why there has been 
this neglect, for several conspicuous cases of unilateral hybridization were 
known in the parents of hybrid progenies that were studied for the analysis 
of the genetics of other characters. Of these, the case of Mirabilis longiflora 
and \/. jalapa has already been noted. 

The Nature of Bisexuality and Relative Specificity. The male and female 
organs and elements in hermaphrodites arise by somatic differentiations of 
somatic cells that are alike in genetic constitution. In flowering plants sexual 
reproduction begins in the differentiations of pistils and stamens from diploid 
cells that are alike. This principle has had a very general recognition since 
the theory of qualitative somatic segregation proposed by Weismann was 
found to have very limited application. As Correns (1926, 1928) and Hart- 
man (1929) have emphasized, a diploid hermaphrodite that is stabilized in 
its differentiations of sex organs is actually homozygous and diploid for both 
maleness and femaleness, and this can be expressed as 9 2: 6 6 oras FF: 
MM. But Correns and Hartman recognized that there is a physiological 
mechanism which effects the somatic differentiations that produce pistils and 
stamens from somatic cells that are alike. They emphasized the obvious fact 
that any special genic components that are active in the differentiation of 
pistils must be present but inactive in the stamens. Also the genic factors 
that effect differentiation of stamens must be present but inactive in pistils. 
Hence both the female and the male gametes carry a haploid genic dosage of 
both maleness and femaleness. Correns and Hartman proposed that there are 
realizer genic components which operate as inhibitors and activators in 
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somatic differentiations. This postulate has been rather vaguely recognized 
in discussions of sexuality in flowering plants. Usually somatic differentiations 
of pistils and stamens have been treated as if they involved genetic segrega- 
tions. For the present considerations it will be recognized that the pistils of 
diploid hermaphrodite flowering plants are 22 (44) and that the 
stamens are ¢ 6 (@ 9); that the meiotic segregations that occur give pollen 
haploid constitutions of ¢ (@), and that both egg cells and sperms possess 
@ and ¢ genic components. 

The Multipart Constitution of P. parodti. In this species the mechanism 
of differentiation in flowers is stabilized, the flowers are uniformly hermaph- 
rodite, and there is coordination of the physiological reactions, especially 
between pistils and pollen tubes, in intraspecific reproduction. There are no 
intraspecific incompatibilities; S factors are absent. But when hybridization 
tests are made, unilateral specificity is revealed. There is some component 
of the PP: % complex which segregates uniformly in the pollen (P: @ ) 
and effects a sterility reaction with P. axillaris 9 @ but not with PP: @ 9. 

The ¢ 6 complex, in the reactions of its haploid pollen tubes, has three 
reactions or functions. (1) There is intraspecific fertility with PP: 9 9; 
(2) there is unilateral sterility with P. axillaris 9 @ and (3) with P. integrt- 
folla 9 2. It seems obvious that either one genic component of haploid P: 
é has two, or possibly three, different functions or that the P: ¢ con- 
stitution is multipart and composed of different genic components each of 
which has one function. Of the entire PP: 2? 2; ¢ ¢@ constitution the only 
reactions of sterility are those of unilateral interspecificity that involve some 
diploid component of unilateral relative specificity of pollen and pollen tubes. 
This specialized component may be designated as Y p.p. 

But the PP: 2 9 constitution and its expressions in the differentiations 
of pistils also have three functions. There is participation in (1) intra- 
specific reproduction and in unilateral interspecific reproduction with (2) 
P. axillaris 4 and (3) P. integrtfolia. The question arises as to whether 
all these functions involve one genic component (as PP: 2 9, F p.p) or two 
or more different nonallelic components. 

The Multipart Constitution of P. axillaris. The aggregate functions of 
the entire AA: 2 9 complex involve participation (1) in intraspecific re- 
production, (2) in self- and cross-incompatibilities when there is syngenic 
relations of an S factor, (3) in unilateral interspecific sterility with PP: ¢ ¢, 
and (4) in unilateral interspecific fertility with P. integrifolia 3 ¢. 

The AA: ¢ ¢ complex also has four functions: (1) intraspecific re- 
production, (2) self- and cross-incompatibility, (3) interspecific fertility 
with PP: 2 92, and (4) interspecific sterility with Il: 9 9. Thus the AA: 
é g has only one reaction of unilateral sterility and the component involved 
in this may be designated as Y a.a. The component of AA: @ @ that is in- 
volved in the one unilateral sterility with PP: ¢ é may be designated as 
X @.a. 
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The Multipart Constitution of P. integrifolia. Each of the II: @ 2 and 
the II: 4 ¢ complexes has four functions but they differ from those of P. 
axillaris (cf. figure 19). The II: ¢ ¢ has unilateral fertility with AA: @? 9 
and PP: @ 92, but it is a reduced reproduction that is relatively lower in the 
PP: 2 @ relation. The If: 2 2 complex has complete unilateral sterility 
with AA: ¢ 6 and PP: ¢ ¢ and the component involved in this may be 
called X 1.1. 

It may be noted that many of the characters and properties of pistils and 
stamens involve adaptations that influence pollination, such as monoecism, 
dicliny, and dichogamy. These are in no sense direct physiological interactions 
between @ and ¢ elements. The physiological interactions of unilateral 
sterility and fertility in plants like the homomorphic petunias, operate after 
there are proper pollinations and, in the cases under present consideration at 
least, before there is fusion of gametes. There are in these petunias no special 
organs exclusively devoted to either intraspecific incompatibilities or to the 
sterilities of unilateral hybridizations, as there are in heteromorphic somatic 
differentiations of both stamens and pistils of dimorphic and_ trimorphic 
plants (see especially Lewis 1949). 

The Problems of Evaluations. The extent to which the diverse reactions 
that are noted above involve independent genic components of the ? 2 and 
é g complexes may, it seems certain, be determined if adequate techniques 
can be devised for evaluations. The evaluation of the behavior of the S factors 
is relatively simple, for an $ factor has syngenic action of sterility, unless 
there is the feature of inactivation, and the presence and role of a single S 
factor in a diploid F, hybrid can readily be tested. The evaluation of those 
genic components that are involved in a unilateral sterility, as AA: @ 9, 
X aax PP: 62, Y p.p, should be much simpler where both of the parents 
have no intraspecific self- and cross-incompatibilities. No doubt there will 
some day be sufficient analyses of such cases to establish the principles that 
may be applied to the cases in which one or both of the parental species have 
self- and cross-incompatibilities. 

The Data for, and the Evaluations of, the PI Hybrids Grown by 
Mather. Nomenclature. Three reports by Mather, by Bateman, and by 
Mather and Edwards (1944) concerned plants that were called Petunia 
axillaris. These plants were grown from seeds that were obtained from 
Professor Margaret C. Ferguson and it was stated that they were all self- 
fertile and that they had the characters that were described and illustrated by 
Ferguson and Ottley (1932) under the name Petunia axillaris. But Steere 
(1931) had already recognized that the long slender corolla-tube, the two 
lengths of the stamens, and other features of difference made this type so 
distinct from the true P. avillaris that it merited distinction as a different and 
new species which he designated as Petunia parodu. Steere, Ferguson, and 
the writer all obtained seeds of P. parodiu directly from Professor Lorenzo 
-arodi in Argentina. 

Mather and Ferguson obtained cuttings of the only clone of Petunia 
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integrifolia that was being grown at Kew Gardens and the writer obtained 
cuttings from Professor Ferguson. According to the international rules of 
botanical nomenclature the epithet Petunia violacea is a synonym of Petunia 
integrifolia (cf. chapter 4). 

A further correction should be made in regard to a statement by Lewis 
(1949, page 481). In referring to a preliminary report by Stout and Chand- 
ler (1941) on 2n and 4n members of Petunia axillaris, it is stated that “* the 
species used was probably the garden form, Petunia violacea.”’ The as- 
sumption that this was a case of confusing the widely different types of P. 
axillaris and P. integrifolia (P. violacea) is, to say the least, somewhat 
gratuitous. It has already been noted at several points in this present paper 
that there has been much careless and indiscriminate use of the names 
Petunia axillaris, P. nyctaginiflora and P. violacea, but the writer knows of 
no case in which a white-flowered petunia with large flowers has been called 
P. violacea. 

Mather’s strain of P. parodu was a different one from that which the 
writer had, but both strains had no S factors of self- and cross-incompatibility 
and both had complete unilateral sterility as males with the Kew clone of P. 
integrifolia. 

Mather’s data for the reactions of reproduction in these F, hybrids, and 
in the further progenies of them, differ in several important features from 
the comparable reactions obtained by the writer for the PA hybrids. From 
the date of the earliest experimental studies by the writer with P. axillaris, 
the symbols S 1, S 2, S 3, and S 4 have been applied to this species while the 
symbols S a and S b were applied to the Kew clone of P. integrifolia. Hence 
to avoid confusion in the following discussion it is necessary to change 
Mather’s terms for P. integrifolia from “ S 1” to S b and from “ S 2” to 
S a; and his use of “Sa” in P. parodu to S p. 

Mather’s Interpretations. Mather reduced the genetic components that 
were directly involved in the unilateral sterility of P. integrifolia x P. parodit 
to the simple formula of (II) Sa.bx (PP) F p.p=0 and 0. The formula 
for the reciprocal was (PP) F p.p x (II) S a.b = F and F. But he assumed 
that the fertility factor (FF p) of P. parodu became allelic to Sa and S 0 in 
the hybrid offspring and that then the three factors were integrated as 
segregating units of one allelic series (S p.a, S p.b, S p.p, and S a.b). 

The interpretations that were made include other postulates: (1) That 
pollen tubes that-carry the S p factor do not grow efficiently in pistils that 
have only one S p factor. (2) That pollen tubes that possess S p never grow 
efficiently.down any style that is S a.b or that has either S a or S b. (3) That 
the factor S p in a pistil never inhibits the proper growth of pollen tubes 
that carry either S a or S b. (4) That P. parodi possesses a gene, or genes, 
not allelic to S a, S b, or S p (F p) that modify S a and especially S 6 in 
both the styles and the pollen, and (5) That the factor S > strengthens S a 
when the two are together in the tissues of styles. 

The Interpretation of “ Switch Action.” An important interpretation 
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was made regarding the self-fertility of the F,; hybrids of P. parodiu (S p.p) 
x P. integrifolia (S a.b). Five members of this progeny were highly self- and 
cross-fertile and these were considered to be (PI) S p.a. It was considered 
that the self-fertility of these plants was due to the functioning of S a pollen 
tubes while S p pollen tubes failed in a hidden or masked reaction of sterility, 
Thus it was considered that the S a factor in the diploid cells of the pistils 
was inactivated by association with S p and that then the S a pollen tubes 
did not have any reaction of incompatibility. Also S p pollen tubes failed be- 
cause there was only one S$ /p factor in the hybrid pistil. Thus there was a 
change or “ switch” in the respective action of S a and S p factors. The S a 
factor in pollen of an S p.a became, temporarily, a fertility factor and the S p 
factor became a sterility factor. 

It is to be noted that the assumptions are that one factor, “ S p,” is active 
in both pistils and pollen tubes and can have a different function in the two, 
and that also an S factor may switch from an incompatibility action to a 
positive fertility action. The writer considers that the evidence obtained from 
PA hybrids (chapter 6) indicates that the S$ factors have only reactions of 
syngenic incompatibility and that they are not inactivated in diploid hybrid 
pistils. 

Nonconforming Reactions. In the reactions that were tested of F, and 
later generations, Mather frequently found * nonconforming reactions that 
did not conform to any simple scheme based on the assumptions.”’ Noncon- 
forming reactions were attributed (a) to the different influences of the as- 
sumed fertility factor (S p), (b) to changes in the status of S a and S b 
when they became separated, and (c) to the modifying action of other genes. 
“It was necessary to postulate non-allelemorphic genes ”’ which influenced at 
least six different reactions in the PI hybrids (Mather 1944, page 230). 

The Evaluations. Mather’s methods of testing, his data, and his in- 
terpretations for the PI hybrids merit critical examination, especially in view 
of the differences in the comparable reactions of the PA and AI hybrids 
studied by the writer. 

The adequate indentifications of the genic constitutions and components 
in the parental species, in the F,, and in the segregates of later generations 
depend (a) on the reactions with known testers that provide definite identifi- 
cation of the various allelic components, and (b) on the analysis of those 
pedigreed collateral progenies that are necessary to identify those factors or 
components that have hidden reactions, inactivation, switch behavior, modi- 
fying influence, mutations, or nonconforming behavivr. It is obvious that 
the identification of allelemorphic integrations and of associations of genic 
and cytoplasmic components that have complementary and epistatic or hypo- 
static relations becomes difficult when mechanisms of intraspecific incom- 
patibilities and of unilateral interspecific sterility and fertility are superim- 
posed upon or integrated with basic fertility. The reader of these lines 1s 
advised to examine Mather’s data and evaluations, for the following dis- 
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cussion is chiefly devoted to matters that seem most critical both in agree- 
ments and disagreements with the behavior of PA and AI hybrids. 

The F, Hybrids of P. parodii x P. integrifolia. (1) Mather considered 
that the two known S factors of P. integrifolia Kew clone and one fertility 
factor of P. parodu were the principal genic components that were involved 
in the reactions of unilateral sterility and fertility in the reciprocal relations 
of hybridization and in the fertilities and sterilities of the subsequent prog- 
enies. According to his symbols the unilateral fertility involved F p.p x S a.b 
and the unilateral sterility involved S a.b x F p.p. The segregations and re- 
combinations gave an aggregate of only four genotypes: S p.a, S p.b, S p.p, 
and S a.b. These symbols may be continued in the present considerations, 
except when attention is directed to other of the 2 @ and ¢ 4 components. 

(2) There were only nine of these F,; hybrids and several were not fully 
tested (Mather 1944, figure 1). The reactions with testers indicated two 
groups or genotypes; five members were classed as PI: S p.a and four were 
considered to be PI: S p.b. Hence pollen that carried either S a or S b had 
functioned, which was to be expected since there was no opportunity for 
either factor to have syngenic incompatibility. Mather considered that the S a 
and S b factors were also active agents in the reactions of fertility. The 
writer considers that the evidence indicates that the S a and S b factors have 
only the property of syngenic incompatibility and that in this hybridization 
relation there were other genic components that effected the unilateral 
fertility. That such components may have segmental linkage with S a and S 0 
in homologous chromosomes is to be recognized. 

(3) The F, PI: S p.a members of the F; were highly self-fertile and were 
called “ self-compatible.”” The S$ ~.b members “ often failed to set seed after 
self-pollination, but sometimes set a small capsule and even occasionally a 
full capsule.”’ But the two groups were fully cross-fertile in reciprocal pollina- 
tions. | 
The analysis of the F. progenies in respect to the identification of the 
genotypes provide data for a judgment (a) of the extent to which S a, S 8, 
and § p genic components participated in the fertilizations and (b) of the 
extent to which they were involved in sterilities. 

The F2 Progenies of Selfing. (1) Mather’s data for the 20 members of 
these F. are assembled and rearranged in figure 60. The assignments of the 
genotypes, in terms of S a, S b, and S p factors, are, it is believed and in- 
tended, in accord with Mather’s evaluations. 

Usually two pollinations were made in a test and the results of these are 
indicated in small letters as given by Mather; “s” is for “ successful pol- 
lination ’’; “‘ p”’ indicates *‘ partially successful ’’; and “f” 1s for a “ failure ”’. 
Large-sized letters indicate total resultants: F indicates fertility; S indicates 
failure due probably to syngenic incompatibility ; O indicates probable failure 
of S p pollen; FO and FS indicate fertility with hidden sterility. Certain 
of the results appear to have hybridization (H) status. Verification of many 
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of the assignments of genotypes would involve the analysis of further prog- 
enies. No attempt is made to assign “ switch” actions or to designate the 
various modifying factors that were involved in nonconforming resultants. 

(2) Eight of the 20 members were male sterile. Frequently members 
ot the cross-bred Fy». and of back-cross progenies were also male sterile. Such 
plants could not be tested for self-fertility or for reactions as males. These 
frequent cases of male abortions during the stages of development of stamens 
by somatic differentiation indicate that certain recombinations of PP: 1M 
and II: 17 components together with the recombinations of realizer factors 
effected the abortions. No doubt techniques may be devised and employed 
that would identify the factors for maleness and femaleness and for the 
realizer factors that were important in the differentiation of sex organs in 
these hybrid hermaphrodites. It is to be noted that there was only one case 
of male sterility in the many PA and AI hybrids grown by the writer. There 
were vegetative abortions of pistils, stamens and petals in the progenies 
obtained by the premature selfing of the Kew clone and the genetic basis of 
these was analyzed (chapter 4+). The frequent male sterilities in PI hybrids 
and the absence of these in the PA hybrids indicate that the ‘specific dif- 
ferentiations of P?. parodu and P. axillaris are much less than are those of P. 
parodii and P. integrifolia, as noted in Chapter 1. 

(3) The reactions with testers indicated that two of the ten members of 
the selfed progeny F, PI: S p.a were S p.p and eight were S p.a. No mem- 
ber was S a.a. Evidently two pollen tubes that carried S p had functioned, 
which does not conform to Mather’s postulates. The eight members of this Fs 
that were S p.a could have arisen from either S p or S a pollen tubes. If S a 
pollen tubes had functioned, as assumed by Mather, there had been (a) in- 
activation of S a in diploid pistils by association with a haploid constitution 
that was P. parodti and also (b) the selective fertilization of only S p eggs by 
S a sperms. If, however, only S p pollen tubes had functioned, the reactions 
were fully comparable to those that occurred in the selfing of PA: S 9.1, ete. 
Two members were cross-fertile as females with P. parodi é &, and hence 
there was a recovery of an intraspecific reproduction. 

(4) None of the ten members of the selfed progeny of PI: S p.b was 
S p.p and hence no S$ p pollen tubes had functioned unless they had fertilized 
S b eggs to give rise to the two members that were S$ /.). Eight members 
were classed as S b.b, and their origin would involve the inactivation of S D 
in the diploid pistils of PI: S p.b. These pistils were not tested with II: S 0.0. 
Also it would appear that there was some selective fertilization of S b sperms 
with S b eggs in preference to S p eggs. This may involve selective intra- 
specific reproduction of P. integrifolia components over both unilateral 
hybridization of P @ and I ¢ components and intraspecific reproduction of 
P 92 with P ¢. Mather has recognized that pollen tubes of P. parodi do not 
grow well in pistils that have only a haploid constitution of P. parodii, but 
this could be due to the presence of factors derived from P. mtegrifolia, as 














STOUT: REPRODUCTION IN PETUNIA 181 





























































































































[ | , 
- | FL Ft PB OI o | Fs | Fo | PS | 88 
Pe . Pes Ps p/a p/b p/p a/b F 2 P #19 Pr p/a p/b p/p a/b 
2 Sp.p  t-2|S re $ of Sor fer Sn a | SPP (2-48 FS oF § OF S FFG H 
PL > joven s ieee «i ss a] « [e-6ff sale is wis ls 
° Spe i! a p? |t 00 § 7F a os 1-3] — Ss So Sow (8 - 
oe [tes iF ore? fori is | Spb | Int], OF|s OF |g , 7 gf? 
M > [srels = serie? ip. is * a 7 . 1-2 |S + |S 19 3 op OO}5 
~ fete “ES eee OS LG Ea 
| °° oe ee ee -} ©: eee 
aide al ond Sai aad Tod Bed oi * SSR a ee 
| * (See ee eo eee =| ° [tt[—/sesif os oof « 
AURA Goel Seat Sed EP. 7 2{_~ [2-3], os]; or [sor 2 [3 «| 
« seeftor he Se ire is ” | sab |2-2|% ss os|t 0s, 00); ” 
Sp.b = 1-3/8 oF |S or $ oF |! oo | o = | Sp.p le-t - F or § OF |S FF|S H 
eRe det] S| = felieg gE 
2 sbb | i-t] — [Sort + if © | es) “ Spa | 1-3/3 » 3 » 8 » fools 2F 
ee) Hc Ae ee 
s) + DalS seer e=] 6 gL feel = [rool 
Abe ce es . | see [fF ssf os oslt » [Pra 
S| > eee Ete ¢| = Pa eee 
|? rs o| * eee 
| * (ee me eo 2| 9 [tie E 2G tee 
60— , sitet ole + Seals les Sats * Sh ™ 2 2-5{|—|t le |e ” le SS 




















61 
Fic. 60. Transposition of Mather’s data for two F2 progenies of selfed F; geno- 
types of P. parodiu x P. integrifolia. The small letters are those used by Mather for 
the results of pollinations: s— successful; p— partially successful; f—failure. The 
O symbol refers to failures of pollen that carried S »; large S refers to failures due 
to a syngenic action of the incompatibility factors S a and S ). Fic. 61. Transposition 
of Mather’s data for two F2 progenies of the reciprocal crosses of the two F; genotypes 
S p.a and S p.b. Most Fi and F2 members were sterile with P. parodu 2. The com- 
parable relations of F: and Fz of the PA hybrids were fertile (cf. figures 22 and 25). 


@ X 1, that effect unilateral sterility. Several of the results indicate selective 
reactions between gametes after pollen tubes reach ovules. 

The F. of Intergenotypic Crosses. (1) Twenty members comprising ten 
each were grown of the two reciprocal progenies of F; PI: S p.a with S p.b. 
Both of these relations were disgenic for the factors, S a and S b, and hence 
the reactions did not involve any inactivation of these factors in pistils. The 
reproduction that did occur involved the integrated reactions of components 
that effected unilateral hybridization, unilateral sterility, and intraspecific re- 
production. Mather considered that all these were effected by the factors 
P: F pand I: S aand S$ b, and an evaluation may be attempted on that basis. 

Six of the 20 members were male sterile and could not be tested for 
reactions of selfing. The twenty members were tested only as female parents 
(figure 61). 
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(2) Five members were fertile with P. parodii g g and hence were con- 
sidered to be S p.p. In the origin of these plants, S p pollen tubes had pre- 
sumably functioned in pistils that were PI: 9 9, S p.a or S p.b. One of these 
F. S p.p members failed to set capsules to two self-pollinations, but these 
failures may have been incidental. All five of the S p.p segregates were 
cross-fertile with II: ¢ ¢, S a.b which was presumably a reaction of uni- 
lateral hybridization. Further progenies of these $ p.p segregates were not 
grown. 

(3) Six members of this Fs progeny were classed as S a.b and these were 
either self-incompatible or male sterile. All were cross-sterile as females with 
KF, S pa é 6 and S p.b, as was II: 9 9, S a.b. Thus there was a recovery 
of unilateral sterility in which S a and S b were either the factors that et- 
fected the action, as Mather considered, or that were linked or associated with 
other factors (as X 1.7) that had this function. 

Two of the S a.b segregates were cross-incompatible with P. integrifolia 
é $ as expected. But four others had unexpected and nonconforming re- 
actions of cross-fertility with II: ¢ ¢, $ a.b. Hence the § a and S 0 factors 


“ 


in the pistils of these six members of the F2 had lost power to effect syngenic 
incompatibility in crossing with P. integrifolia 2 4 but had retained it in 
selfing. Mather states that these S a.b segregates 
the original S a.b component in P. integrifolia and that “ we must assume that 
this was due to modifying genes.’’ The identity of the components that ef- 
fected the epistatic reactions of sterility and fertility in these cases could no 
doubt be determined by the analysis of the reciprocal and the collateral prog- 
enies that may be obtained from them. 

The Sterility Reactions oj the F, Hybrids. The F, hybrids of PI were 
completely sterile as males with P. integrifolia S a.b. As females the S p.0 
were fully sterile and the S p.a almost sterile with P. parodu. In the com- 
parable relations, the P.\ hybrids were fully fertile except for hidden syngenic 
incompatibilities. This noticeable difference in the reproductions of PI and 


. 


‘were out of phase” with 


PA hybrids indicates different degrees in relative speciations and ceno- 
specific status. The adequate analysis of the PI hybrids should provide 
critical data on the genetic status of the two types of sterility that are in- 
volved: (a) the incompatibility factors obtained from P. imtegrifolia and the 
unilateral sterility of which the only genic components came from the male 
differentiations of P. parodii. 

(2) As male members all F, plants that were tested were cross-sterile 
with II: 9 9, S a.b, except for one pollination that was “ partially success- 
ful” (Mather 1944, table 1). In this relation the pollen that carried either 
S aor S b presumably had syngenic incompatibility. Evidently all pollen that 
did not possess S a or S b also failed to function, and this could only be due 
to unilateral sterility. Mather’s evaluation that either S a or S b in 9 @ con- 
stitutions has unilateral sterility with S p pollen describes the conditions, but 
may not identify the genic components that are involved, especially if such 
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genic elements are merely linked with S a or S b. The total sterility is evi- 
dently an integration of syngenic incompatibility with unilateral sterility that 
is epistatic over any intraspecific influence between any complements of P. 
integrifolia & 8 in haploid pollen with the diploid pistils of P. imtegrifolia 
S ab. 

(3) The three PI: S p.b members that were tested as females with PP: 
é $ were entirely sterile. There could be no syngenic incompatibility. Hence 
the haploid component that was P. integrifolia in the pistils was sufficient to 
effect unilateral sterility with P: ¢. The writer suggests that the genic com- 
ponents that were involved may be represented as I: 9, Xi and P: 6, ¥ p. 
Mather considers that the I: @, S 0 factor is itself a factor that inhibits the 
growth of all pollen tubes of P. parodi. 

(4) There were partial and irregular reactions of feeble fertility and 
sterility in the relation PI: 9 9, S p.p x PP: 4, but as no progenies were 
grown an analysis of the fertilizations cannot be made. 

(5) There were numerous cases of hidden syngenic reactions of sterility 
on the part of true S factors and hidden reactions of unilateral sterility which 
included Mather’s considerations of switch actions. The extents to which 
these operated selectively but concurrently in relations that give capsules and 
seeds, are subject to evaluations by the analysis of the various collateral prog- 
enies that may be grown. 

The Back-Cross Relations That Were Fertile. (1) The relations of IT: 
°92,Saax PI: 6 6,S paand S p.b were all “ successful.”” When S p.a 
was a pollen parent there was, presumably, syngenic incompatibility for pol- 
len that carried S a. But if all other pollen was “S p” and was functional, 
there was a nonconforming reversal in the action of S p pollen. Possibly 
some of the pollen that did not have S a also did not have the component of 
P ¢ that effected unilateral sterility but did have factors of P. integrifolia 
that effected intraspecific reproduction. No progenies were grown of these 
fertile relations. The analysis of such progenies, and of other of the col- 
lateral progenies obtainable from the two genotypes that were the pollen 
parents, should indicate whether two or more classes of pollen were produced. 

(2) Mather tabulated data for the character of the progenies of six back- 
cross relations that were fertile (his tables 6 to 11 inclusive). On the basis 
of the three factors, S a, S b, and S p, the analyses of these six progenies are 
as follows: 


5. Pers t605 06:3 @:5 mers 


(6). PP: S 6.0 x PI::3 £8:«...9 1 mx 2 a 
(7) PP: S p.px PI: S p.a= 10 E = = a is 
(8) PI:SpdoxiIl:Sab= - 6 IK 4 — i 
(9) PI:SpbxiIl:Saaz= - 4 is 1 ‘ “ 
(10) PI: SpaxIIl:Sab= - l E 9 E ‘a 


(11) PI: S paxil: Saa-= - 6? _ ¥ 4 s 
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(6 and 7) The relations between the two parents in these two cases did 
not involve syngenic incompatibilities, unilateral sterility, or any switch 
actions. Each pollen parent possessed one genome of P. integrifolia which in- 
cluded the chromosome that carried S a or $ 6. This genome favored a very 
weak grade of unilateral hybridization fertility. Each pollen parent also pos- 
sessed a genome of 7. parodit which included not only “ F p” but one of all 
other factors which effect fertility and sterility in P. parodii. The segregations 
in the pollen of the PI: S p.b plants involved reassortments of the seven pairs 
of homologous chromosomes as well as cross-over exchanges between the 
chromosomes that carried S a or S b and its homolog. The analysis is on the 
basis that there were two classes of pollen. The character of the two prog- 
enies indicate that only one S Db pollen tube had functioned and that no S a 
pollen tubes functioned. The S a and S$ b pollen tubes had lost out in com- 
petition with S p tubes in pistils that were pure P. parodiu. The only functions 
that were involved in the reactions of the pollen were (a) intraspecific re- 
production by pollen that carried sufficient components of P. parodii and (b) 
interspecific reproduction by pollen that had the necessary components of P. 
integrifolia. The latter, at best, always had a weak grade of reproduction and 
in these progenies of only 10 members each the competition gave a selective 
action of intraspecific reproduction. 

There were nineteen segregates that were cross-fertile as females with P. 
parodu and hence they were classed as P< >I: S p.p. They had received 
one genome pure for P. parodiu from their female parent and from their 
hybrid male parent they received a genome that did not possess either S a 
or S b. 

It is clear that the S a and S b pollen tubes failed in these two back-cross 
relations because the S a and S b were themselves factors that effected uni- 
lateral fertility or were linked or associated with other factors that had this 
function. For the analysis of linkages and unbalanced ratios of segregates a 
much larger number of plants should be grown and also the progenies of the 
“ S p.p” segregates should be grown and adequately tested. 

(8,9, 10, and 11) These back-cross relations did not involve any unilateral 
sterility. In each case the haploid constitution of P. parodu in the pistils 
(including S p) favored unilateral fertility and the haploid constitution that 
was P. integrifolia tavored intraspecific reproduction except for syngenic in- 
compatibilities. Hence the analyses of these four back-cross progenies pro- 
vide data on the behavior of S a and S b factors which are alone in pistils 
that have one complete haploid genome of P. parodii. 

(8) This progeny consisted of four members that were considered to be 
S a.b and six that were S p.a. The eliminations of S p.b and S b.b genotypes 
demonstrate that the S b in the pistils continued to have syngenic incom- 
patibility, that the accompanying S p had no switch influence, and that only 
the S p pollen had functioned. But with the S 0 pollen there had been a com- 
plete genome of 7. integrifolia. This had unilateral fertility in relation with 
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the haploid complement of P. parodi in the F, pistils and also intraspecific 
fertility with the other genome which was P. integrifolia. Thus the fertility of 
the relation involved an integration of two types of fertility that masked the 
hidden syngenic incompatibility which was only revealed by the character 
of the progeny. 

(9) Only five plants were reported of the back-cross of PI: 29, S p.b 
x Il: S a.a. Neither syngenic incompatibility nor unilateral sterility was in- 
volved in this relation. Four members were considered to be S p.a and one 
was S a.b. The reproduction involved an integration of intraspecific fertility 
and unilateral fertility, which is evidence that the two different genic com- 
ponents which effect these in II: ¢ ¢, are present in any haploid genome. 
The number of plants that were grown in these progenies is too few to give 
an evaluation of the relative values of the competition. 

(10) Nine members of the progeny of F; PI: S pax II: 24, 8S ab 
were judged to be S a.b and one was S p.a. No member was S a.a. Evidently 
nine pollen tubes that carried S b had functioned with eggs that carried S a. 
Thus syngenic incompatibility was almost complete, the S a factor in the 
pistils had not been inactivated, and intraspecific reproduction had been 
epistatic over unilateral reproduction. No relation of unilateral sterility was 
involved. The reproduction had involved 9 egg cells that carried S a and 9 
sperms that carried S b. If these factors had only the function of superim- 
posed syngenic incompatibility the factors that effected the fertility were 
associated with them or possibly linked in the same chromosome. 

(11) The relation of F; PI: 99,8 pax Il: 6 4, S aa was tested by 
two pollinations on each of three members. Three pollinations failed, and 
three were partially successful. Thus there was the same feeble grade of re- 
production that was seen in the unilateral hybridization of P. parodu x P. 
integrifolia. The relation involved syngenic incompatibility for all S a pollen. 
This pollen class had failed, with one exception, in the same S p.a pistils in 
case 10. Here there was no competition with any other pollen tubes, the 
action of S a pollen tubes was forced and the incompatibility reaction was in 
competition with both interspecific hybridization with the S$ p genome, and 
intraspecific reproduction with the genome that carried § a. To this extent 
the fertility of this integration may be considered as an inactivation of S a in 
the pistils of S p.a. 

All of the 10 members of this progeny were fertile as females with II: 
é 4, S a.b, except for one “ odd failure.”’ All failed with PP: 6 6. None 
completely failed with PI: ¢ ¢, S p.a and S p.b. Thus this back-cross prog- 
eny had sufficient P. integrifolia constitutions to have reactions of unilateral 
sterility with PP: ¢ ¢. 

The F,, F2 and back-cross segregates that were classed as S p.a had ir- 
regular reactions in tests with P. parodu pollen. An F p (or S p) factor in 
pistils did not have its assumed switch to a factor of unilateral sterility. This 
was considered to be due to the presence of modifiers that favored intra- 
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specific fertility between components of P. parodti. Mather lists six reactions 
of pollen tubes that strongly indicate a number of non-allemorphic modifiers. 
These reactions involve certain relations of S p, S a, and S b pollen tubes 
and pislets of S b.b, S p.b, S p.a, S a.a, and S a.b genotypes. 

The mempers of the progenies of cases 4 to 11 were not tested as males, 
and no progenies were grown of segregates that were S p.p, S a.b and S a.a. 
Such progenies should provide critical data on the nature and the status of 
modifying factors, on the question of the superimposed status of the true S 
factors, and on features of competition, epistatic relations, and inactivation of 
factors. All of these are involved in the multipart functions of pistils and 
pollen tubes in the integrations of intraspecific reproductions, of intraspecific 
sterilities and fertilities of hybridization, and of the superimposed mechanism 
of intraspecific svngenic incompatibilities. The data for the PA and the AI 
hybrids may be reviewed in respect to these matters. 

Sterilities and Fertilities in the Reproduction of PA Hybrids. J/ie fF, 
and the Selfed Fy. All F, hybrids of P. parodi 9 9 x P. axillaris 6 4, 
and all KF. obtained by selfing F, members were self- and cross-fertile except 
one member that was S 1./ (figures 22 and 25). The critical questions that 
arise are: (1) to what extent did hidden syngenic incompatibilities occur ; 
(2) were the S factors that were derived from /?. axillaris inactivated in hy- 
brids by the association with components of P?. parodiu; (3) were any fer- 
tilities effected by double or switch properties of the known S7/ and S3 
factors; (4) were there any reactions of hidden unilateral sterility; and (5) 
were the fertilities expressions of intraspecific fertility, or of intraspecific re- 
production, or of integrations of both. 

(1) The resultants of tests, which included S$ 1.7 and S 3.3 factors, and 
the analyses of the progenies that were grown were conclusive that the one 
S factor that any hybrid possessed continued to have syngenic incompatibility. 
The hybridization of PP: 22,5 0.0 x AA: 66, 5 1.3 gave PA: S 0.1 
and § 0.3. Then PA: S 0.1 selfed gave F2 PA: S 0.1 and S 0.0. If Mather’s 
symbols are applied, PA: S p.1 selfed gave S p.J and S p.p, and it was only 
the S p pollen that functioned. 

(2) Thus there was no inactivation of an S$ factor in pistils of hybrids. 

(3) Also there was no switch in the function of any F p factor that was 
possessed by the chromosome of P. parodi that was homologous to the 
chromosome of P. axillaris that carried S factors. 

The definitely personate status and the single function of each of these 
factors (S 1, S 3 and F p) greatly simplify the further analysis of the fer- 
tilities that are involved in the reproduction of these hybrids. 

(4) Were there any hidden reactions of unilateral sterility? It 1s obvious 
that any F,; member of these hybrids obtained a haploid dosage of the AA: 
9 2, X a.a component and a haploid dosage of the PP: 6 6, Y p.p com- 
ponent that reacted in the unilateral sterility. In an Fy hybrid the X a com- 
ponent would have expression in all pistils and Y p would have expression in 
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half of the pollen tubes. If these assumed components were carried by the 
homologous chromosomes that possessed S factors they would be subject to 
eliminations when there was syngenic incompatibility. 

A critical test of the ability of the haploid constitution (including S J or 
S 2 and X a) that was P. avillaris to function in PA pistils is to test PA 
9 ¢? with PP ¢ ¢. This relation was fully fertile. Hence the A @? com- 
ponent did not effect unilateral sterility, and the P ¢ haploid component 
which favored intraspecific reproduction had epistatic status. It was demon- 
strated in back-cross progenies that the diploid X a.a constitution could be 
segregated independently of the true S factors. But in the back-cross re- 
lations of PA 9 @ x PP ¢@ @ the hybrid pistils reacted as do pistiis of P. 
parodiu. 

The fertility of fF, PA hybrids with pollen of the P. parodii is in sharp 
contrast to the sterility of Fy, PI hybrids to pollen of P. parodu. P. axillaris 
and P. parodii are closely related and highly fertile in a unilateral hybrid- 
ization. The diploid constitution, at least of X a.a components, is necessary 
to effect unilateral sterility. P. parodii and P. integrifolia are so different that 
they are classed in different subgenera. They have a very feeble unilateral 
hybridization. This unilateral sterility is so strong that a haploid genome of 
P. integrifolia in pistils of F; PI: S p.a hybrids effects unilateral sterility. 

(5) Any F, PA hybrid certainly had a complete genome that was P. 
parodu and this included a haploid dosage of the 2 genic component that 
was involved in unilateral fertility. That such a component is not identical to 
the component that determines intraspecific reproduction in these plants 
must be recognized. Also any F; member had a haploid ¢ component, which 
was present in any pollen grain of P. axillaris and reacted in unilateral fer- 
tility. Hence when any F, of PA was selfed there was opportunity for hap- 
loid doses of P 9 and A ¢ to react together in unilateral fertility. But if this 
A é component was a single factor (as F a) that segregated, the unilateral 
fertility would be confined to half of the pollen. The F, and the Fs progenies 
that were grown were self-fertile, reciprocally cross-fertile, and reciprocally 
fertile in back-cross relations with both P. axillaris and P. parodii. It seems 
certain that there were coordination and integration of unilateral interspecific 
fertility with intraspecific fertilities of one or of both parents in various of 
these reproductions. 

The Back-Cross Progenies. The progenies of P. axillaris 2 9 x Fy PA 
hybrids included a total of thirty members that were cross-sterile as females 
with haploid pollen of P. parodiu. Each member had received a haploid com- 
plement of A: 9, X a from the female parent. Those that also received an- 
other haploid complement of X a from the segregations in the pollen of the 
PA: g 6 parent were unilaterally cross sterile with P. parodiu ¢ ¢. 

The members of series 341 (figure 26) were derived from AA: @ 9, 
S 11x PA: 626, S 0.1. There was syngenic incompatibility for all S$ J 
pollen tubes and only S 0 pollen functioned to give only S$ 0.1 genotype in 
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the progeny. Hence the X a component (which had been dormant in anthers 
and pollen) was carried by S 0 pollen. In F, and Fo, all S 0.1 (or S p.1) 
plants were fertile with pollen of PP: ¢ 2. But in these back-cross progenies 
approximately half of such genotypes were sterile in this relation. 

Series 344 (figure 27) was obtained from AA: 9 9, S$ 1.2; X aax PA: 
é$6,$ 0.3; Y pW. There was no syngenic incompatibility, but pollen that 
carried Y p presumably had hidden unilateral sterility. The PA: ¢ ¢ com- 
plex also possessed a haploid dosage of X @ which was inactivated in stamens 
by somatic differentiation, and hence it would be carried by some of the pollen 
tubes. Of the twelve members of this back-cross progeny, eight had a reaction 
of unilateral sterility with PP: g 2 and hence these were 2 9, X a.a. 

The tests indicated in figures 26 and 27, demonstrate that segregates that 
were S$ 0.1, S 0.2, or S 2.3 could be either cross-fertile or cross-sterile with 
P. parodu 2 8. It is concluded that the evidence is sufficient to establish that 
an AA: 2 9, AX a.a component exists and can be segregated independently 
of the true S factors and that an X a component when alone in PA pistils 
cannot effect an action of unilateral sterility with P. parodiu $ 2. Since 
these X a.a components were segregated in diploid pistils that were S 0.1; 
X a.a, the two allelic series could be in one pair of homologous chromosomes 
and have segmental linkage. Possibly the dual functions and switch actions 
ascribed in the behavior of PI hybrids may be due to linkage of non-allelic 
factors and segmental segregations. 

It is to be noted that plants of P. parodi possess no 9. component that 
is involved in unilateral sterility with either P. axidlaris or P. integrifolia and 
hence the pistils of an F,; PA plant will be X a0. 

Since certain segregates that were S 0.] and S 0.2 were also X a.a, it 
would be possible to obtain segregates in both selfed and crossed progenies ot 
these plants that were 9 2, S 0.0; X a.a. Such plants would have no self- 
and cross-incompatibilities and this would simplify the analysis of unilateral 
fertility and sterility in their relation to intraspecific reproduction. 

Unilateral Sterility in the AI Hybrids. The Status of the S Factors. 
Both parents contributed S factors to these hybrids. The evidence seems 
conclusive that the two series of S factors were personate in status and al- 
lelic in the hybrids. Hence there was no chance for any fertility factor to be 
allelic to them. 

Every member of the F, and Fy. of the diploid PI hybrids was self-in- 
compatible. There were also very effective syngenic reactions in cross-re- 
lations that involved S 1, S 3, and S b, but there were nonconforming reac- 
tions that involved S a which was known to have a weaker degree of reaction 
than that of the S b factor. The identifications of the S 1.b and S 3.b geno- 
types in the F, were definite but the combinations of S J and S 3 with S a 
were not satisfactorily determined. 

The Genic Components of Unilateral Sterility of P. integrifolia x P. axil- 
laris. The genic components of this reaction may be represented as II: 2 9, 
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X it for a genic component that is activated in pistils and as AA: ¢ 6, Y aa 
for the genic component that is active in pollen tubes. It is considered that 
these are features of relative specificity that are expressions of the somatic 
differentiations of MM: FF complexes. The two most critical tests for the 
presence and the functional reactions of these components in hybrid progenies 
are the reactions of the AI hybrids (a) as females with testers of P. axi- 
laris 6 6 and (b) as males with P. integrifolia 9 @. 

The Fy: figure 28. As female members, all F,; hybrids that were tested 
were fertile with both parental species except for syngenic incompatibilities 
and for three nonconforming reactions that involved S a. Each F,; AI hybrid 
received an I: 9, X «4 component from its pollen parent but this was not 
sufficient to effect unilateral sterility with P. axillaris 6 6. This corresponds 
to the comparable reactions of PA hybrids but not to those of the F, PI 
hybrids. 

As males all F; AI hybrids were sterile with P. integrifolia S a.b and 
S a.a but fertile with S 6.b. In the relation of II: S a.a x Al: S 3.b and S 1.) 
there were no syngenic incompatibilities. An F, of the AI hybrids could pos- 
sess only one genic component that was involved in uilateral sterility and it 
would be A: 6, Y a. Hence only half of the pollen could have unilateral 
sterility. These reactions of sterility do not conform to the expected reactions 
of S factors or of any assumed components that effect unilateral sterility. 

As female members, all F; AI hybrids were sterile with P. parodu 2 ¢. 
This is expected since both P. axillaris and P. integrifolia had unilateral ster- 
lity with P. parodu g ¢. The F,; would be X a+X 17 and the complete 
sterility would be an integration of two unilateral sterilities. It is to be noted 
that one dosage of X a in Fy PA: 2 2 was not sufficient to effect sterility 
with P: ¢. 

As males all AI hybrids were fertile with P. parodi 2 @ which would 
involve an integration of the unilateral fertility of both. P. axdlaris and P. 
integrifolia as males with P. parodu. No reaction of unilateral sterility was 
involved for P. parodiu ¢ 2 has no such action. 

The F2: figure 29. An Fe progeny was obtained of Al: S 3.6 x AI: 
S 1.b. None of the members possessed the S a factor which gave noncon- 
forming reactions in the F,;. As female members these plants had no reactions 
of sterility with either parental species except for the svngenic reactions of S 
factors. Hence there had been no segregations of an X 1.12 2 2 component 
that could effect unilateral sterility with AA: ¢ ¢. This conforms to the 
fertility of all Fy of PA: 2 @ with PP: ¢ é. As males the F2 members had 
nonconforming reactions with the three genotypes of P. integrifolia. 

It is to be noted that all members of the AI F, and the F. had complete 
and uniform reactions of unilateral sterility as females with 7. parodi. Hence 
as females all F2 appeared to be X a.t, X a.a, or X 1.1. As males, all Fo were 
fertile with P?. parodit @ 2, but since this species had unilaterol fertility with 
both P. axillaris $ and P. integrifolia 8, no genic components of unilateral 
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sterility were involved in this relation. The fertility of this relation was solely 
a reaction of components of fertility. 

Unilateral Reactions by Triploids, AAI: figure 47. These plants had the 
2? 22 components of X a.a.i and the ¢ components of Y a.a1z. As male 
members they were sterile with P. integrifolia S a.b, S a.a, and S b.b. These 
reactions appear to be a unilateral sterility. At any rate the haploid com- 
ponent that was 7. integrifolia in the AAI ¢ had no influence in effecting 
fertility. Since this component carried S b there may have been hidden syn- 
genic incompatibility for pollen that was S bp. 

As temale members, ali AAI hybrids were cross-fertile with diploid P. 
axillaris 2 Q except for syngenic incompatibilities. Hence the haploid com- 
ponent of X 7 9 evidently had no action of unilateral sterility in the AAI x 
AA relation. The basic intraspecific fertility of AAI: F a.a x AA: F a.a was 
epistatic. 

Unilateral Sterility in Members of a Back-Cross Progeny: figure 54. Six 
members of a progeny of AAI x II had sterility as females with all geno- 
types of diploid P. axillaris. Hence these members were X 1.1. These plants 
were sn:15, 16, 16, 16, 17, and 17 and either S a.b or S b.b. But six other 
members that were either S 7.b or S 3.6 did not have unilateral sterility with 
P. axillaris 2. Hence they were probably X aa ¢@. These resultants are 
comparable to the segregation and recombination of the X a.a component in 
the back-cross progeny of AA x PA. It appears the X 7 component is distinct 
from the S a and S 0 factors but is linked with them. There were three mem- 
bers of this progeny (figure 54) that were self-incompatible and cross-sterile 
as females with all sisters and with both parents. 

The most significant of the reactions is that certain segregates had sterility 
with P. axillaris 6 é. These plants were either S a.b or S b.b. But the tests 
did not demonstrate that an II: 9 9, X 1.1 component was present and in- 
dependent of the true S factors. 

Unilateral Sterility in the Progeny of AAI x AA: figure 55. All seven 
members of this progeny were sterile as males in all relations with P. integri- 
folia S a.b, S a.a, and S b.b. The chromosome numbers ranged from sn:14 
to 20. Six numbers were S 3.b. Evidently all these plants were ¢ 6, Y a.a, 
in which case the one S factor of P. avillaris in the & 6 S 3.b could not it- 
self be the one factor that effected the unilateral sterility of all pollen. None 
of these plants was cross-sterile as females in disgenic relations with P. 
axillaris 6 and hence none were X 1.1. But such genotypes would not be 
expected of 99, X aal~x $66, X aa. The AA: 9 9, X a.a component 
necessary to effect unilateral sterility was segregated independently of S fac- 
tors in certain members of back-cross progenies. In the six members of series 
243 (figure 55) that were S 3.b, that were derived from AAI x AA, the AA: 
é 6, Y a.a component was obtained. These six plants were fertile as females 
with II: ¢ ¢, $ a.b and S a.a. Hence these plants had the unilateral fertility 
and sterility in reciprocal relations with P. integrifolia which corresponded 
to those of P. axillaris. 
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Relative Specificities and Biosystematics. Jhe Status of the PA, AI, 
and PI Hybrids. The noteworthy differences in the reactions of the hybrid- 
izations, in the degree of potential fertility, and in the reactions of repro- 
duction in these three groups of hybrids are obviously expressions of dif- 
ferent grades of relative unilateral specificity. As taxonomic units the three 
species, 1. parodiu, P. axillaris, and P. integrifolia possess different degrees 
of speciation in respect to visible characters and especially in the differen- 
tiations of flower organs. But each species is homomorphic. In addition to 
these differences there are those physiological properties that effect unilateral 
reactions of sterility in the reciprocal relations of hybridization. These reveal 
unsuspected multiple functions of both pistils and pollen tubes. 

P. parodiu and P. axillaris are noticeably similar in many characters, but 
the two are so different from P. integrofolia that they must be classed as 
members of different subgenera. The hybridization of P. parodu 2 92 x P. 
axillaris 6 8 is more fertile in the formation of capsules and seeds than is 
the hybridization of P. parodu 9 2 x P. integrifolia g &. Also functions of 
unilateral sterility continue to operate in PI hybrids, especially in the critical 
tests with PP: ¢ ¢ ; but such reactions did not occur in the F, or the Fo 
that were grown of the PA hybrids. Thus the reactions of reproduction in 
the PA hybrids and in their relations with both parents were most complete. 
Hence P. parodiu and P. axillaris and their hybrids have a higher degree of 
ecospecific status than have P. parodii and P. integrifolia, and their hybrids. 

The Genic Components of Unilateral Sterility. The three species of 
Petunia under discussion differ in the seat or locus of the relative differen- 
tiations that are involved in the unilateral sterilities. Obviously, the three 
reactions of unilateral sterility in hybridization involve four relative speci- 
ficities that may be represented as follows: : 


P. axillaris, 29, X aa x P. parodu, 64, VY p.p; 
P. integrifolia, 9 9,X ii x P. parodii, $8, VY p.p; 
P. integrifola, 9 9, X 11 x P. axillaris, 6 8, Y aa 


The presence of any one of these genic components is not revealed in the 
intraspecific reproduction of either of the species. P. axillaris is the only 
species in which both 2 and ¢ differentiations are involved in a reaction of 
unilateral sterility. 

The reactions of unilateral fertility in the hybridizations involve the fol- 
lowing relations: 


— 


’. parodu ¢ @ x P. mtegrifolia 2 2 
P. parodu 22 x P. axillaris $ 6 
P, axillaris 9 2? x P. mtegrifola ¢ 6 


No attempt is here made to assign definite genic values to the constitutions 
that are involved in the fertilities of hybridization and of reproduction in the 
hybrids. 

P. axillaris is the only one of these three species in which both the @ @ 
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and the ¢ ¢ organs are involved in the double functions of both unilateral 
sterility and fertility in addition to their functions in intraspecific fertility 
and in syngenic incompatibility. Which one of the four functions of the @ 9 
is realized in a relation depends on the genic composition of the haploid pollen 
tubes, and the ¢ ¢ function that is in action depends on the composition of 
the 2 2 of the other members of a relation. Hence the entire genotypic con- 
stitution of any hybrid or back-cross segregate can only be determined by its 
reactions as female and male with all critical testers and also by the adequate 
analyses of all of the collateral progenies that can be obtained. The data for 
the PA, PI, and Al hybrids, and especially for the back-cross segregates, are 
incomplete and inadequate. 

Mather’s data partially test the assumption that all functions of fertility 
and sterility in P. parodii and P. integrifolia, and in their hybrids also, may 
be determined and controlled by one allelic series of genes that consists of two 
true S factors of P. integrifolia and one fertility factor of P. parodii. The re- 
actions were such that it was postulated these factors effect dual functions 
in both pistils and pollen tubes and can switch from a function of fertility to 
one of sterility. At least six important nonconforming reactions were recog- 
nized that were attributed to other and nonallelic genic factors. Mather did not 
have the true ?. axillaris and his PI hybrids received true S$ factors from one 
parent only. His F. and back-cross progenies were tested as females only. 

The Role and Status of S Factors. 1. Any of the incompatibility geno- 
types of P. axillaris had reactions of unilateral fertility as males and uni- 
lateral sterility as females with any member of P. parodi which possessed no 
S factors. There was no syngenic relation for any § factor, and it is believed 
that the S factors had no function in the reactions of hybridization. 

The extensive tests of the PA hybrids demonstrated that all the S factors 
continued to have effective incompatibility reactions of a strictly personate 
and independent status in any syngenic relation, as they had in cultures of P. 
axillaris. 

2. But the S factors of the Kew clone of P. integrifolia had irregular and 
nonconforming reactions in both the PI and the AI hybrids. There were 
cases of partial or irregular inactivation of S factors and of nonconforming 
behavior of the S fp factor. Mather considered that the S a and S b factors 
may be entirely inactivated in respect to incompatibility reactions by as- 
sociation with polygenes of P. parodtt. 

It must be recognized that there are meagre data on the behavior and 
status of § factors in the intraspecific reproduction of P. integrifolia. The 
studies of the two S factors of the Kew clone involved progenies of premature 
pollinations (chapter 4). Possibly the S a and S b factors have a partial or 
incomplete perscnite status and are readily influenced by associations with 
fertility factors. The associate type of behavior in incompatibilities is known 
in both diploid-haploid and diploid-diploid reactions (Stout 1938, 1945). In 
the diploid-diploid type, now known in few flowering plants the reaction of 
a pistil is determined by the relative strengths of the two S factors and both 
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classes of pollen are alike in a reaction that is determined for a pollen tube 
by the association of the two factors previous to reduction. It is possible that 
hybridization may change the status of certain S factors, especially of P. 
integrifolia, from a personate to an associate value. 

3. The mechanism of intraspecific incompatibility, in P. axillaris and P. 
integrifolia, has one feature of similarity to that of unilateral sterility in the 
hybridization of these species with P?. parodi. Both reactions appear to in- 
volve the failure of haploid pollen tubes to grow in diploid pistils. It is well 
established that an S factor has a function in both pistils and pollen tubes 
and that the reaction is personate and syngenic. In contrast to this, the genic 
factors in P. parodu 2 &, that are involved in urilateral sterility with AA 
9? @ and II 2 9, appear to be active only in pollen tubes when they are 
growing in pistils of another species. They do not effect sterilities in intra- 
specific reproduction, It may be postulated that their reactions of sterility are 
disgenic. 

In petunias these two mechanisms of sterility have a limited and super- 
ficial role. They are accessory to, and superimposed upon, the fundamental 
basis and functions of reproduction which involve further stages of reaction 
and development such as fusion of gametes and the formation of viable seeds. 


CONCLUDING REMARKS 


1. Noncontorming resultants are those that do not correspond to what 
have previously been obtained or that are expected on the basis of experience, 
belief, and theory. Nonconforming reactions were few in the behavior of the 
PA hybrids; they were frequent and drastic in the reproduction of the AI 
hybrids; and they were numerous in the reactions of the PI hybrids, grown 
by Mather, especialiy in respect to the modifying influences of factors of 
fertility. except for the data on the petunias, there is little information re- 
garding the heredity and the reactions of unilateral sterilities in hybrids. The 
situation 1s much like that which existed some thirty vears ago regarding the 
knowledge about intraspecific incompatibilities. 

2. We may be reminded that each important advance in the knowledge of 
intraspecific incompatibilities, since the early conceptions of “ self-sterility,” 
has involved the recognition of a nonconforming resultant, the proper 
evaluation of it by new experimental techniques, and often a radical change 
in belief and theory. For example: for at least thirty years after Darwin's 
statements in 18/6, the belief that “ self-sterility ’ had an individual status 
was so firm that intraspecific cross-incompatibilities were not considered 
possible and the rather simple experimental tests which reveal such behavior 
were not made. For a time after the recognition of cross-incompatibilities 
(de Vries 1906; Correns 1912, 1913) it was believed that all of the pollen 
of a plant had the same reaction. Much of the data for the reactions did not 
conform to this belief and such reactions were not properly evaluated until 
Prell’s (1921) explanation of a diploid-haploid reaction was applied and 
demonstrated by definite tests. 
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3. The nonconforming reaction of self-fertility of the Kew subclone, the 
one case of self-fertility of a seedling of 7. axillaris (figures 8 and 10), and 
the status of the one member of a PA progeny (figure 25) that was self-in- 
compatible were all resolved by experimental analysis which involved col- 
lateral progenies. 

Without doubt many of the nonconforming reactions that are reported 
in the reproduction of the PI and the AI hybrids may be analyzed in ways 
that will reveal further principles regarding the nature, scope, function, and 
genic basis of unilateral hybridizations. Without doubt certain of the com- 
ponents of basic fertility which Mather recognized as having modifying ef- 
fects could be stabilized and identified in segregates. 

4. The experimental studies that were made of the unilateral specificities, 
sterilities, and fertilities in the reproduction of three species of Petunia and 
their hybrids contribute much new data and reveal some of the tests and the 
experimental techniques that are necessary in such studies. There were few 
attempts in the studies of the petunias to test the members of back-cross prog- 
enies for genic components that were linked in the homologous chromo- 
somes that carried §S factors. That there were segregations of genic com- 
ponents that effected unilateral sterility from those that effected syngenic 
incompatibility was demonstrated in both the PA and the AI hybrids. Mem- 
bers of the genotypes of PA: S 0.7 and S 0.2 that were cross-sterile with P. 
parodu g $ would no doubt give inbred progenies that would be pure for 
9? 2, X aa and be without any S factor. The analyses of linkage and seg- 
mental transmissions of genic components that are involved in multiple phys- 
iological functions of male and female organs in hermaphrodites, especially 
when three or more species are involved in unilateral sterilities, are indeed a 
challenge to future investigators. 

5. The genic components that effect unilateral specificity are auto- 
matically transmitted to the F; progenies along with the genic components 
that effect fertility in the reciprocal relation. They are inactive in the re- 
action of unilateral hybridization but are, nevertheless, transmitted and will 
later have reactions that may be identified. The S factors of intraspecific in- 
compatibilities are also inactive in the disgenic relations in hybridization but 
are transmitted to members of the hybrid progenies. These two mechanisms 
of sterility are superimposed upon those that effect intraspecific and inter- 
specific reproduction and together they provide multiple functions to the 
somatically differentiated 1/M: FF complexes in hermaphrodites. 

When these conditions exist in the reproduction and the unilateral hybrid- 
izations of two or three species, they provide an almost unexplored field for 
experimental and genetical studies of critical features of reproduction that 
may be listed as follows: (1) What is the genetical basis of half-speciation ; 
(2) what genic components are active in both pistils and stamens (and 
pollen tubes) and what ones are active in only one of these organs; (3) what 
genic components have syngenic reactions with themselves, as a personate S 
factor has, and what ones have a disgenic action; (4) which one of any two 
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or more of the functions of an organ has epistatic power; (5) which, if any, 
of the genic factors may have dual functions that “‘ switch”’ from a sterility to 
a fertility reaction; (6) how many of the genic components that are in- 
volved in fertilities and sterilities of reproduction are carried in one series 
of homologous chromosomes of two, or three, or more species; (7) what are 
the basic patterns of biosystematic reproduction in unisexual, and in bisexual 
organisms in which unilateral hybridizations are involved and how does 
complete speciation arise from half-speciation. 

[t is obvious that an important step in the evaluation of unilateral 
speciation is to obtain complete and adequate experimental data for the 
hybrids of those species that have only unilateral sterility and no complications 
of incompatibilities, and to extend such studies to numerous cases in both 
plants and animals. Then the role of the superimposed self- and cross-incom- 
patibilities in both homomorphic and heteromorphic hermaphrodites may be 
evaluated in regard to speciation. 
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